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DISTRICT  OF  MASSACHUSETTS,  to  wft  . 

District  Clerk* a  Office. 
Be  it  remembered,  That  on  the  fifteenth  clay  tt 
September,  A.  D.  1818,  and  in  the  forty-third  year  of  the  Inde- 
pendence of  the  United  States  of  America,  Elijah  Hixsdalv, 
Burritt,  of  the  said  district,  has  deposited  in  this  office  the 
title  of  a  book,  the  right  whereof  he  claims  as  author,  ia  the 
words  following,  to  wit : 

Logarithmick  Arithmetick,  containing  a  new  and  correct  Ta- 
ble of  Logarithms  of  the  natural  numbers  from  I  to  10,000,  ex 
tended  to  seven  places  besides  the  index  ;  and  so  contrived,  that 
the  Logarithm  may  be  easily  found  to  any  number  between  i 
and  10,000,000.  AJso,  an  ea*y  method  of  constructing  a  Tabic 
of  Logarithms,  together  with  their  numerous  and  important 
use;  in  the  more  difficult  parts  of  Arithmetick.  To  which  are 
added  a  number  of  Astronomical  Tables,  by  which  the  differ- 
ent phases  of  the  Moon,  the  times  of  her  opposition  and  con- 
junction, may  be  computed  with  the  greatest  ease  and  exact* 
ne.ss  :  and  an  easy  metbod  of  calculating  Solar  and  Lunar 
Eclipses;  illustiated  with  Geometrical  Projections:  Designed 
for  the  instruction  of  Youth  in  the  Schools  and  Academies  of 
New  England.     By  Elijah  Hixsdale  Burritt. 

In  conformity  to  the  act  of  the  congress  of  the  United  States, 
entitled,  "  Ah  act  for  the  encouragemeut  of  learning,  by  secur- 
ing the  copies  of  maps,  charts  and  books,  to  the  authors  and 
proprietors  of  such  copies,  during  the  times  therein  mentioned  :" 
and  also  to  an  act  entitled,  "  An  act  supplementary  to  an  act,  en- 
titled, an  act  for  the  encouragement  of  learning,  by  securing 
the  copies  of  maps,  charts  and  books,  to  the  authors  and  propii- 
etors  of  such  copies  during  the  times  therein  mentioned;  and 
extending  the  benefits  thereof  to  the  arts  of  designing,  engraving 
avid  etching  historical,  and  other  prints."  JOHN  W.  DAVIS, 
Clerk  of  the  District  of  Massac husv Its. 
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*THE  task  of  an  author  ;"  says  Dr.  Johnson,  is  to  tcaeh  what 
is  not  known,  or  to  recommend  known  truths. by  his  manner  of 
adorning  them."  To  attempt  the  former  is  sufficiently  irksome 
l»  enervate  endeavour,  and  to  succeed  in  the  latter,  he  must  sur- 
mount obstcles  that  no  sagacity  can  avoid,  and  encounter  diffi- 
culties which  prevision  cannot  alleviate.  He  must  appeal  t© 
judges  prepossessed  by  passions  or  biased  by  prejudices  :  to 
some  who  are  more  willing  to  go  wrong  by  their  own  judgment, 
than  to  be  indebted  for  a  better  or  a  safer  way  to  the  wisdom  of 
another;  and  toothers,  whose  goefd  taste  and  perspicacity  will 
not  allow  them  to  read  any  thing  until  its  reputation  is  eetablion-- 
ed  by  the  "  Ministers  of  Criticism."  But  of  those  who  are 
more  inclined  to  be  pleased,  who  may  be  persuaded  to  remit 
thejr  censure  at  those  errours  into  which  the  author  teas  inad- 
vertently or  unavoidably  fallen,  and  who  will  pass  with  a  friend- 
ly eye  over  those  imperfections  that  are  inseperably  connected 
with  all  human  productions  ;  it  is  hoped,  though  the  reader 
should  not  find  his  feelings  imperceptably  stolen  from  him  by 
the  enchantment  of  novelty,or  his  understanding  captivated  by 
the  profundity, of  invention,  that  if  his  patience  can  endure  a  care- 
ful perusal  of  the  following  work,  he  will  dismiss  it  with,  at  least 
this  a  negative  encomium,"  that  it  is  a  laudable  attempt  to  im- 
prove the  instruction  of  the  unlearned,  and  furnish  schools  in 
general  with  a  useful  and  comprehensive  system  of  Practical 
Arithmetic^ 

He  who  is  resolved  to  attain  any  degree  of  eminence  in  thjs 
science  of  Mathematicks,  dooms  himself  to  wade  through  a  toil- 
some course  of  severe,  uninteresting  labour,  unaccompanied 
with  any  of  those  charms  that  can  engage  the  feelings  by  t^eir 
novelty,  or  delight  the  imagination  by  their  lusture  ;  without 
any  hope  of  honorable  reward  to  stimulate  to  exertion,  or  sof- 
ten the  asperities  of  study.  But  the  writer  of  Common  Arith- 
metick  has  a  much  easier  task:  The  labours  of  many  that  have 
gone  before  him  as  "  pioneers,"  who  were  distinguised  by  pro- 
found investigation  and  mathematical  researches,  have  render- 
ed his  path  comparatively  easy,  eren  where  their  feet  have  never 
trodden  ;  "vp  the  sun  dissipates  the  shades  of  darkness,  and 
spreads  a  twilight  beyond  the  immediate  influence  of  his  direct 
beams."  Indeed,  it  may  be  said  that  the  only  necessary  resourse 
of  the  writers  of  the  present  age,  is  to  copy  the  best  exa-mples 
of  their  predecessors  with  srtteh  modifications  and   antfndr.u'cnis 
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ai  the  different  modes  of  reckoning  in  business,  the  fluctuation 
of  coins,  weights,  and  measures,  and  as  the  invention  of  means 
to  facilitate  the  same  solutions  require. 

The  practical  systems  of  Yrulgar  Aritbmetick  alrer/ly  extant 
are  very  numerous  ;  and  the  authors  of  some  of  them  have  ex- 
hibited great  knowledge  and  ability,  it  may  therefore  be  ex- 
pected, that  he  who  ventures  to  add  to  their  number  should  pro- 
duce a  substantial  plea  for  such  an  obtrusion  on  the  publick  no- 
tice. It  may  justly  be  expected  that  he  should  be  either  an  ac- 
curate schoilar  or  a  profound  mathematician.  The  writer  has 
no  claim  either  to  the  one  or  the  other  of  these  distinctions  i 
and  must  therefore  plead  another  apology. 

Having  been  repeatedly  solicited  by  a  number  of  gentlemen 
respectable  for  their  understanding  and  skill  in  Mathematical 
Science*  to  publish  his  Table  of  Log  ari  riiMs  constructed  only 
for  priva'5  use,  together  with  their  numereus  and  important 
uses  in  the  more  difficult  parts  of  Aritbmetick  Trigonometry 
&c  and  believing,  notwithstanding  the  endless  variety  of  books 
now  extant  on  Vulgar  Arithmetic^,  there  is  yet  room  to  intro- 
duce usefulness  with  novelty,  the  author  of  the  following  work 
humbly  ventures  to  assume  the  responsibility  of  endeavouring  to 
avoid  the  redundancies  of  some,  and  to  supply  the  deficiencies 
of  others. 

It  is  believed  that  a  more  accurate  and  extensive  System  of 
Logarithms  for  natural  numbers  was  never  before  published  in 
this  country.  The  best  American  Tables  are  carried  only  to 
six  places  besides  the  index,  which,  though  capable  of  giving  an- 
swers sufficiently  exact  in  most  solutions,  are,  notwithstanding, 
deficient  where  great  accuracy  is  required.  In  constructing 
the  following  table  the  author  has  pursued  the"  Differential 
Method"  hinted  at  by  Mr.  Henry  Briggs,  Professor  of  Geometry 
in  Grcsham  College  London,  and  Dr.  Hutton's  "  Practical  Rule 
for  the   Construction  of  Logarithms." 

He  was  also  solicited  to  publich  with  this,  a  Table  of  Loga- 
rithmick  Signs,  Tangents,  &c.  carried  to  seven  places  decimal, 
which  should  correspond  with  those  for  natural  numbers  ;  but 
as  this  would  render  the  work  too  voluminous  for  a  common 
school-book,  it  was  thought  unadvisable  to  augment  the  expense 
without  proportionably  increaseing  the  advantage.  Should  their 
occur  sufficient  reason  for  publishing  such  a  system  of  Logar- 
ithms and  Logarithmick  Sines  and  Tangents,  togcrher  with  oth- 
er Logarithmick  and  Mathematical  Tables,  they  may  be  given 
to  the  publick  at  some  future  period. 

The  method  op  computing  by  Logarithms,  where  it  can 
be  adopted,  aa  in  the  evolving  of  roots,  is  manifestly  the  most 
expiditious  of  any  that  human  powers  have  hitherto  invented. 
The  learner,  who  before    was  unacquainted  with  their  proper- 
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ties,  who  has  had  the  patience  and  assiduity  to  toil  through  the 
tedious  course  of  evolution  by  the  usual  process,  will  admire  to 
find  that  so  much  labour  should  ever  be  reduced  to  so  much 
ease  ! 

The  author  has  endeavoured,  though  in  some  instances  at  the 
expense  of  deviating  from  ancient  usage,  to  arrange  the  sever- 
al parts  of  Vulgar  Ai  ithmetick  according  to  their  relative  im- 
portance, and  their  mutual  dependence  upon  each  other  ;  and 
to  render  the  whole  as  easy  and  familliar  as  the  nature  of  the 
subjects  would  admit. 

From  what  experience  the  author  has  had  in  the  instruction 
of  youth,  aud  the  general  complaint  of  the  want  of  some  work 
adapted  to  accompany  those  elementary  treatises  on  Astronomy 
which  are  used  in  our  Schools  and  Academies,  the  writer  was  in- 
duced to  subjoin  a  short,  though  imperfect  sketch  of  Practical 
Astronomy.  And  in  this,  he  has  been  more  desirous  to  be  use- 
ful than  to  appear  oiiginal.  All  the  Tables  except!  he  II,  XVIII 
and  XIX,  together  with  the  method  of  calculating  the  time  of 
New  and  Full  Moons  and  Eclipses,  were  taken  Irom  Dr.  Brew- 
ster's edition  of  Fugeson's  Astronomy  lately  published.  The 
method  of  Projecting  Eclipses  is  purely  mathematica,  and  is 
not  subject  to  those  inacuracies  which  the  use  of  the  sector  is 
liable  to  produce. 

Whatever  merit  justice  may  award  to  the  following  prime  tial 
pages,  the  author  cannot  forbear  repeating,  that  it  was  the  hope 
only  of  being  useful,  that  induced  their  submission  to  publick 
scrutiny.  If  he  has  failed  in  the  attempt,  the  disquietude  of 
disappointment  will  be  allayed  by  the  reflection,  that  he  is  not 
the  first"  qui  magnis  excidet  ausis"  who  have  misjudged  in 
their  abilities.  Tosuppoae  the  work  wholly  exempt  from  er- 
rours,  whether  of  the  press  or  of  the  pen,  would  be  to  suppose 
what  the  most  vigilant  care  has  seldom  performed.  And  wheth- 
er these  will  be  found  to  have  a  counterbalance  of  good,  is  re- 
fered  to  the  candour  of  those  who  may  read  to  decide  ; — they 
are  the  constituted  judges,  and  to  them  he  submits  with  deffer- 
ence  and  respect. 

E.  H.  B. 
Williams  College,  October ,  \S\t 
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HzjUanation  of  Characters  used  in  thiibook. 


=*  Equal  to,  as  I2d.  *■  Is.  signifies  that  12  pence  arc  equal  to 
1   shilling. 

+  More,  the  sign  of  addition,  as  5  -f-  7=12,  signifies  that  5 
and  7  added  together,  are  equal  to  12. 

—  Minus,  or  less,  the  sign  of  subtraction,  as  6  —  2=4,  signi- 
fies that  2  subtracted  from  6>  leaves  4. 

X  Multiply,  or  with  the  signof  Multiplication  ;  as  4  X  3—12 
signifies  that  4  multiplied  by  S,  is  equal  to  12. 

■4-  The  sign  of  division  ;  as  8  -5-  2  =  4,  signifies  that  8  divided 
by  2,  is  equal  to  4  ;  or  thus,  -£-=4,  each  of  which  signifies 
the  same  thing. 

:>  Four  points  set  in  the  middle  of  four  numbers,  denote  them 
to  be  proportional  to  one  another,  by  the  rule  of  three  ;  as 
2  :  4  ::  8  :  1 6  ;  that  is,  as  2  is  to  4;  so  is  8  to  1 6. 


a/  Prefixed  to  any  number,  supposes  that  the  squr^Kot  of  that: 

number  is  required. 
3 
j^  Prefixed  to  any  number^  supposes  the  ctfbcroot  of  that  num. 

beris  required. 
4 
/y/  Denotes  the  biquadrate  root,  or  fourth  power,  Sec. 

MULTIPLICATION  TABLE. 
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To  learn  this  table  :  rn.d  your  multiplier  in  the  ietc  hand  col- 
umn, and  the  multiplicand  a-top,  and  in  the  common  inigleyTf 
meeting)  or  against  your  multiplier,  along  at  the  righg^rfSTohol 
nnde'"  your  multiplicand,  you  will  find  the^rodycftjpRanswcr.    . 
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TABLES  OF  WEIGHTS  AND  MEASURES. 

1.   Sterling  Money, 

4  farthings  make         1  pe»ny,  4. 

11  pence,  1  shilling,  *. 
20  shillings,                    1  pound,  £ 

2.   Troy   Weight. 

54  grains  (gT)  niake  1  penny-weight,  marked  fiwt. 

20  penny-weights,           1  ounce,  zq. 

12  ounces,                        1  pound>  id. 

3.   Avoir dufiois    Weight. 
16  drams  (dr.)  make  1  ounce,  oz. 

16  ounces,  1  pound,  id. 

28  pounds,  1  quarter  of  a  hundred  weight,  qr. 

4  quarters,  1  hundred  weight,  out. 

20  hundred  weight,        1  ton,  T. 

By  this  weight  are  weighed  all  coarse  and  drossy  goods,  gro- 
cery wares,  and  all  metals  except  gold  and  silver. 

4.  Cloth  Measure. 
4  nails  (na  )  make  1  quarter  of  a  yard, 

4  quarters,  1  yard, 
3  quarttero,  1  Ell  Flemish, 

5  quareis,  1  Ell  English, 

6  quarters,  1  Ell  French, 

5.    Dry  Measure, 

2  pints  (fit.)  make  1    quart, 

3  quarts,  1  p*  ck, 

4  ptc  k«*  1  bushel, 

This  measure  is  applied  to  grain,  beats,  flak-seed,  salt, roots 
oysters,  coat,  kc 

6  Wine  Measure. 

4  gills  (gi.)  make           1  pint,  fit. 

5  plots,  1  quart,  qt. 
4  quarts,  1  gallon,  gat. 
Si  J  gallons,                        1  barrel,  61. 

42  gallons,  1  tierce,  tier. 

43  gallons,  1  hogshead  hhd. 

2  hogsheuda,  1  pipe,  ft. 

3  pipes,  1  iuu,  T. 

All  bandies,  spirits,  m  ad,  vire<*ar,  oil  kc  trt  measured  by- 
wine  mi  asure.     AoSe.—  23 1  solid  inches,  utake  a  gallon. 

7  Long  Mr  asure. 

$  barley  corns  (k.  c.)  make   1  inch,  maiktd  in. 

1-  i  ■«  hts,  1  foot,  ft. 

3  feet,  1  \ i  » d,  y   . 

f  5f  va'di,  I  rod,  pole,  or  ^crch,  rd. 

40  rods,  i  furlong,  /fir. 

8    fur  ion  gt,  1  uitic,  m. 

3  miles,  1  U:ug«e,  tcr,, 

%'  *  statute  miles,  1  degree  on  the  earth. 
*6o  degrees,  the  circumference  of  the  earth. 


E 

yd. 
.Fi. 

K 

.  E. 

E. 

Fr. 

ft. 
fik. 
bu. 

8  TABLES  OF  WEIGHTS  AND  MEASURES. 

The  use  of  long  measure  is  to  measure  the  distance  of  places. 
or  any  other  thing,  where  length  is  considered,  without  regard 
to  breadth. 

N.  13.  In  measuring  the  height  of  horses,  4  inches  make  1 
hand.  In  measuring  depths,  6  feet  make  1  fathom,  or  French 
toise.  Distances  are  measured  by  a  chain,  four  rods  long,  con- 
taining ©ne  hundred  links. 

8.  Lund    or    Square   Measure. 

144  square  inches  make  1    square  foot. 

9   square  feet,  1    square  yard. 

30-J-  square  yards,  or  )  .  , 

<i«rni  e    *  r  1   square  rod. 

272.J  square  feet,  5 

40  square  rods,  1   square  rood. 

4  square  roods,  1    square  acre 

640  square  acres,  1   square  mile. 

9   Solid  or  Cubic  Measure. 

1728  solid  inches  make  1   solid  foot. 

40  feet  of  round  timber,   or  7  ,    .  i      i 

^  r    *    r  u  *•    i  t  l   ton  or  load. 

50  leet  ot  hewn  timber,  3 

128  solid  feet,  or  8  feet  long,  )  ,   cm.d  of  ^ 

4  wide,  and  4  high,  3 

All  solids,  or  things  that  have  length,  breadth  and  depth,  are 

measured  by  this  measure.     N.  B-     The  wine    gallon  contains 

231  solid  or  cubic  inches,  and  the  beer  gallon,  232.     A  bushel 

contains  2150,42  solid  inches. 

Time. 

minute,  marked         5.  M. 

hour,  //. 

day,  d. 

week,  w. 

month,  mo. 

13  months,  1  day,  and  6  hemrs,  1  Julian  year  yr. 

Thirty  days  hath  September,  April,    June,   and   November. 

February  twenty-eight  alone,  all  the  rest  hare  thirty-one. 

N.  B.  In  bissextile  or  leap-year,  February  hath  29  days. 

1  I    Circular  motion. 

60  second's  (/;)  make  1  minute,  marked 

60  minutes,  1  degree,  • 

30  degrees  1  sign,  S. 

12  signs,  or  -360  degrees,  the  whale  great  circle  of  the  Zodiac. 


10. 

60  seconds  (S. )  make 

1 

60  minutes, 

1 

24  hours, 

I 

7  days, 

1 

4  weeks, 

1 

ARITHMETICS 


JLS  THE  Science  of  Numbers,  and  exhibits  the  method,  or 
art  of  computing  by  th©m  :  it  is  divided  into  five  parts,  viz. 
Notation,  Addition,  Subtraction,  Multiplication,  and  Division. 

NOTATION. 

Notation  teaches  how  to  read  and  write  numbers  represent- 
ed by  the  following  characters,  1,  2,  3,  4,  5,  6,  7,  8,  9,  0  ;  each 
of  which  has  a  simple  value,  and  also  a  local  value,  according  to 
the  order  of  their  combination,  as  in  the  following  table. 
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It  VULGAR 

To  know  the  value  of  any  number  of  figure*. 
RULE. 
Numerate  from  the  right  hand  figure  to  the  left  as  in  the  ta- 
ble, and  to  the  simple  value  of  each  figure  apply  its  focal  value, 
according  as  it  is  removed  from  the  place  of  units  towards  thfc 
right. 

EXAMPLES. 

Read  the  following  numbers* 
75  Seventy  five. 
937  Nine  hundred  and  tbrfty  seven. 
4617  Four  thousand  six  hundred  and  seventeen. 
59000028  Fifty  nine  millions  and  twenty  eight. 
679244321   Six  Hundred  and  seventy  nine  millions  two  hun- 
dred and  forty  four  thousand  three  hundred  and  twenty  one. 
7b  write  numbers. 
RULE. 
Beginning  on  the  right  hand,  write  unites  in   their   place, 
tens  in  the  tens  place,  and  so  on  towards  the  left  hand,  writing 
each  figure  according  to  its  value  in  numeration,  and  supplying 
those  places  of  the  natural  order -with  cyphers  which  are  omitted 
in  the  question. 

EXAMPLES. 

Write  dovjn  the  following  numbers. 
Twenty  four  24 

Three  hundred  and  five  305 

Seven  thousand  and  ninety  7090 

Eight  millions  and  eight  SO00Q0S 


SIMPLE  ADDITION. 

Is  the  uniting  into  one   number  several  smaller  ones  ©f  the 
same  denomination. 

RULE. 

Write  the  numbers  distinctly,  units  under  Units,  tens  under 
tens,  S;c;  Then  reckon  the  amount  of  the  right   hand  column 
If  it  be  less  than  ten,  write  it  down.     If  it  exceed  ten,  write  the 
units  only  and  carry,  the  tens  to  the  next  place. 

In  like  manner  carry  the  tens  of  each  column  to  the  next, 
observing  to  write  down  the  full  sum  of  the  left  hand  column. 
METHOD   OF  PROOF. 

1.  Draw  a  line  between  the  first  and  second  lines  of  figures 
to  cut  off  the  first  number. 

2.  Add  the  other  numbers  together  and  set  their  sum  Under 
the  sum  of  all  the  numbers. 


arithmetics:.  i  \ 

3.  Add  the  numbers,  last  found  with  the  numbers  cut  off,  and 
if  ihcir  sum  be  the  same  as  that  of  the  first  addition,  the  work 
is  right. 

EXAMPLES. 

0)  (2)  (S) 

4  9643      32014    43214 


64532  13100  1960 
98760  19264  420 
14000      83400         40 


Rum  226935    147778    45634  Sum 


77292    115764      2420 


Proof  226935    147778    45634  Proof 


4.  Add  8635,  2194,  7421,  5063,  2194,  and  1245.     Ans,  26754. 

5.  How  many  tlays  in  the  12  calender  months?     An*.  365. 

6.  From  the  building  of  Rome  to  the  death  of  Alexander,  was 
■f,83  years,  from  the  death  of  Alexander  to  the  Christian  era,  was 
f>5  years  ;  how  many  years  from  the  building  of  Rome  to  the 
present  date,  1818?  Ans.  2566. 

At  the  late  census  of  1810,  the  inhabitants  of  New  England 
were  as  follows. 

Of  District  of  Maine  228,705,  New  Hampshire  214,460, 
Vermont  217,896,  Massachusetts  472,040,  Rhode-Island  76,931, 
and  of  Connecticut  261,942,  what  was  the  sum  total  ? 

Ana.   1,471,974. 


FEDERAL  MONEY. 

By  an  act  of  Congress,  all  the  accounts  of  the  United  States, 
;he  Sallaries  of  Officers,  all  Revenues,  See.  are  to  be  reckoned 
in  Federal  Money,  which  mode  of  reckoning  in  point  of  simpli- 
city is  the  nearest  allied  to  whole  numbers,  as  it  increases  like 
them  in  ten  fold  proportion. 

ADDITION  OF  FEDERAL  MONEY. 

RULE. 

Write  the  numbers  according  to  their  value,  that  is,  dollars 
under  dollars,  dimes  under  dimes,  cents  under  cents,  mills 
under  mills,  Ike.  then  proceed  the  same  as  in  whole  numbers, 
observing  to  place  the  seperatrix  in  the  sum  total  directly  under 
the  seperating  points  above. 
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EXAMPLES. 

CO 

(2) 

M 

g 

D.  C. 

M. 

g     D.  C.   M. 

8 

D.  C. 

M. 

365 

5      4 

l 

439      3     0     4 

136- 

5      1 

4 

487 

0     6 

0 

416     3      9     0 

125 

0     9 

0 

694 

6     7 

0 

168      9      3      4 

200 

9     0 

9 

439 

0      8 

9 

239      0     6     0 

304 

0      0 

6 

742 

5     0 

0 

143      0     0      5 

111 

1      9 

1 

728 

8      6 

0 

1406      6     9      3 

877 

7      1 

0  Ans 

4.  What  is  the  sum  total  of  g  367,14,  g  117,09,  g  37,75? 
g  11,05,  and  g  96,50?  Ana.  g  629,53. 

*  5.  What  is  the  amount  of  g  102,121  cts.  g  9,67,  45  cts.  67 
cts.  and  g  1,08  cts.  ?  Ans.  g  1 13,99,5. 

6.  Received  of  A.  B.  and  C.  a  sum  of  money  ;  A.  paid 
g  123,08  cts.  B.  paid  four  times  as  much  as  A.  and  C.  paid  as 
much  as  A.  together  with  twice  as  much  B.  Required  the  suns, 
of  payments?  Ans.  $  1723,12  cts. 


SIMPLE  SUBTRACTION. 

Is  the  operation  by  which  we  take  a  lesser  number  from  a 
greater  of  the  same  denomination,  and  thereby  find  their  differ- 
ence, or  remainder. 

The  lesser  number  is  called  the  subtrahend,  the  greater 
number  the  minuend,  and  the  number  found  by  the  opera- 
tion the  REMAINDER,  or  DIFFERENCE. 

RULE. 

1.  Place  the  less  number  under  the  greater,  so  that  units  may 
stand  under  units,  tens  under  tens,  Sec.  and  draw  a  line  under 
i  hem. 

2.  Beginning  at  the  right,  take  each  figure  in  the  subtrahend 
from  the  figure  over  it,  and  set  the  remainder  under  the  line. 

3.  If  the  lower  figure  be  greater  than  the  ©nc  over  it,  add  ten 
:6  the  upper  figure,  from  which  figure  so  increased,  take  the 
sower,  and  write  the  remainder,  carrying  one  to  the  next  figure 
in  the  lower  line,  and  thus  proceed  till  the  whole  is  finished. 

PROOF. 
Add    the    remainder    to  the  less  number,  and  if  the  sum   be 
jual  to  the  greater,  the  work  is  right. 


r;< 


*  If  the  cents  are  less  than  10  place  a  cypher  in  the  (ens  place, 
er  place  of  dimes  ;  example,  write  10  dols.  and  3  cents,  $  10,0"-. 


From 
Take 

2 

2 
3 

8  7 

4  3 

6 
7 

2 
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5 
6 

Rem. 

9 

4  3 

8 

6 

9 

Proof 

3 

2 

8   7 

6 

2 

5 
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EXAMPLES. 

(0  (2) 

From     5   3  2  7  4  6  7 
Take      10  0  8  4  3  8 


Rem. 

4 

3 

1 

9 

0 

2 

9 

Proof 

5 

3 

2 

7 

4 

6 

7 

3.  From  2637804,  take  2376982.  Ans.  260822. 

4.  From  3762162,  take  826541.  Ans.  2935621. 

5.  From  78213606,  take  27821890.  Ans.  50391716. 

6.  From  ninety  seven  thousand  six  hundred  and  thirteen^ 
subtract  thirty  thousand  nine  hundred  and  nine.     Ans.  66704. 

7.  From  the  destruction  of  Carthage  to  the  year  of  our  Lord 
1818,  was  1965  years,  how  long  before  the  Christian  era  was 
the  city  destroyed  ?  Ans.  147  years. 

8.  Gun  powder  was  invented  by  a  Monk  of  Cologne,  in  1330, 
how  long  has  it  been  in  use  to  this   date    1818  ? 

Ans.  488  years. 

9.  The  Arabian  method  of  Notation  was  first  known  in  Eng- 
land in  the  year  1150;  how  long  thence  to  1818  ? 

Ans.  668  years. 
SUBTRACTION  OF  FEDERAL  MONEY. 

RULE. 

Place  the  numbers  according  to  their  value,  and  subtract  as 
in  whole  numbers. 

EXAMPLES. 

CO 

g  D.  C.  M. 
From    48     9     6     4  From 

Take     37     8     9     S  Take 


Ans.       110     7      1  Ans. 


(■ 

0 

g 

D. 

c. 

M. 

940 

6 

4 

9 

804 

9 

6 

3 

135 

6 

8 

6 

3.  From  125  dols.  take  9  dols.  and  9  cts.  Ans.  g  115  91   cts. 
t.  From  127  dols.  1  cent,  take  g4I  10  cts.       Ans.  §85  91. 

5.  From  365  dolls.  12  cts.  take  g  187  35  cts.  Ans.  g  177  77. 

6.  From  100  dolls,  take  99  cts.  Ans.  g  99  01  cent. 

7.  A.  owes  B.  1000  dols.  and  pays  him  in  part  as  follows, 
viz:  at  onetime  g  236  10  cts.  at  another  g  108  25  cts.  and  lets 
him  have  fifty  bushels  of  wheat  at  2  dollars  pr.  bushel,  together 
with  a  horse  worth  85  dols.  and  a  plated  harness  valued  at  g  60 
T5  cts.  :  it  is  required  to  find    how  much  is  yet  due  ? 

Ans.   g  409   90  cts= 
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SIMPLE  MULTIPLICATION. 


Is  the  operation  by  which  we  increase,  or  repeat  ofic  of  tw# 
numbers  of  the  same  denomination,  as  often  as  there  are  units 
in  the  other. 

The  number  to  be  multiplied,  is  called  the  multiplicand. 
The  number  by  which  wo  multiply,  is  called  the  multipier. 
The   number  found   by   the  operation,  is  called  the  product. 
The  Multiplicand  and  Multiplier,  are  both  called  factors. 

RULE. 

1  Place  the  Multiplier  Under  the  Multiplicand,  so  that  Units 
may  stand  under  units,  tens  under  tens,  &c.  and  draw  a  line  un- 
der them. 

2.  Begin  at  the  right,  multiply  each  figure  in  the  Multipli- 
cand by  the  Multiplier,  carry  one  for  every  ten,  and  you  win 
have  the  product. 

PROOF. 

Multiply  the  Multiplier  by  the  Multiplicand. 


examples. 


Multiply 

by 


Multiplicand, 
Multiplier. 

2 1 80      Product. 


.(2) 
Multiply 
by 


00036 
7 


Ans.     630252 


Multiply 
bv 


(3) 


14293- 
74, 


Multiply 
by 


32745654478 
234 


137172 
40051 


Jns.     2557682 


130982617892 
98236963419 
6549130a946 

Product  7662483146682 


364111   by  56. 

7128368   by  96. 

123456789  by  1440. 


8.  Multiply 
6.  Multiply 
f.  Multiply 

When   there 
factors. 

RULE. 

Proceed  as  before.  Multiply  by  the  significant  figures,  neg- 
lecting the  cyphers,  and  on  the  right  of  the  product  place  as 
many  cyphers  as  were  neglected  in  both  the  factors. 


Ans.  20390216. 
Ans.  684323328. 
Ans.  177777776160. 
CONTRACTIONS. 
are   eyfihers   on   the   right  of  onef  or  both  the 
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►.  Multiply     1234500 
by               7500 

61725 
86415 

EXAMPLES. 

(2) 
360000 
1200000 

by  120000$. 

432000000000 

Ansf. 

oduct.    9258750000 

3.  Multiply  461200  by  72000.  Ans.  33206400000. 

Multiply  815036000  by  70300  Arts.  57297030800000. 

MULTIPLICATION  OF  FEDERAL  MONEY. 

RULE. 

Multiply  the   given  price  by  the  quantity,  and   carry  as  in 
whole  numbers.     The  seperatrix  will  be  as  many  figures  from 
the  right  hand  in  tha  product,  as  in  the  given  price. 
examples. 
1.  What  will  36  yds.  of  broad  cloth  come  to  at  six  dollars 
twenty  five  cents  pr.  yd.? 

8  6  25 

36  yards, 


37  50 
187  5 


'Ans\        g  225  00         225  doljs.G  cents.' 

$.  What  cost  15  yds.  calico  at  67  cts.  pr.  yd.  ?  Ans.  g  10  Q& 

3.  What  cost  35  yds.  kerseymere  at  8  1  67  cts.  pr.  yd.  ? 

Ann.  g58  45. 

4.  What  is  the  value  of  75  yds.  satin  at  S  3  75  cts.  pr.  yd.  . 

Ans.  82S1   35. 
H.  What  eost  131  bushels  wheat  at  S  1   67  cts.  per  bush.  ? 

Ans.  g218  77. 
6  What  cost  126  gallons  molasses  33  cts.  per  gal.  ? 

Ans.  g40  96, 
7.  What  will  6G  bushels  oats  coat  at  38  cts.  pr.  bush. 

Ans.  8  18  48. 
*.  What  cost  97  lb.  sugar  at  I2f  pr.  lb.  ?       Am.  g  13  12* 
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1$ 


Mr.  William  Williams, 

Bought  of  James  Merchant. 
10  lbs.  Green  Tea,  at  £  2   15  cts.  pr.  lb. 


36     "  Cofl'ee, 
J  5     "  Loaf  Sugar, 
3  cwt.  of  Malaga  Raisins, 
36  gallons  Wine, 
91         "     Molasses, 


21icts.  pr.  lb. 

25  cts.  pr.  lb, 
7  00  pr.  cwt. 
2    12  cts.  pr.  gal. 

36  cts.  pr.  gal. 


Received  payment. 
New-York,  the  1st  May,  1818. 


$   136,  58 


James  Merchant. 


SIMPLE  DIVISION. 


Teaches  to  find  how  often  one  number  is  contained  in  another 
of  the  same  denomination  ;  or  to  find  a  quotient  which  multi- 
plied into  the  divisor  will  produce  the- dividend. 

The  number  to  be  divived,  is  called  the  Dividend. 

The  number  to  divide  by,  is  called  the  Divisor. 

The  number  of  times  the  dividend  contains  the  divisor,  is 
called  the  Quotient. 

RULE. 

1.  Assume  as  many  figures  on  the  left  hand  of  the  dividend  as 
contain  the  divisor  once  or  oftener  ;  find  how  many  times  they 
contain  it,  and  place  the  answer  on  the  right  for  the  first  figure 
ef  the  quotient. 

2.  Multiply  the  divisor  by  the  figure  you  have  found,  and 
place  the  product  under  that  part  of  the  dividend  from  which 
it  was  obtained. 

3.  Subtract  the  product  from  the  figures  above  it  ;  then  bring 
dawn  the  next  figure  of  the  dividend  and  place  it  at  the  rigrft 
hand  of  the  remainder  ;  divide  the  number  it  makes  up  as  be- 
fere,  and  proceed  in  this  manner  until  the  whole  is  finished. 
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EXAMPLES. 

How  many  times  are  5                         Dividend,       Quotient, 
contained  in  137906?                      Divisor  5)137906       (27581 
PROOF.                                               10                         5 

iviuitipiy  tne  cuvibor  inio  cue 
quotient,  add  the  remainder   if 
there  be  any,  to  the  product  ; 
if  the  work   is  right    the  sum 
will  be  equal  to  the  dividend. 

37  proof.  137906 
35 

29 

25 

40 
40 

6 
5 

Divide  33489  by  9. 
Divisor,  Dividend. 

9)  33489  (3721  Ans. 
27                   9 

1  remainder. 
Divide  11 680  by  32 

32)11680(365  Arts. 
96 

64     33489  proof.                   192 

63                                              

—                                                   160 
18                                                 160 

18                                                

—         *  Proof  by  addition  1 1680 
9 
9 

8465. 


'yrrj-T* 


Divide      1893312  by  912,  Ans.  2076, 

Divide      1893312  by  2076,  Ans.  912. 

How  often  does  761858465  contain  90001  ?  Am, 

Divide  280208122081  by  912314.  Ans.  3071401 
CONTRACTIONS. 

To  divide  when  there  are  cy/ihers  at  the  right  hand  of  the 
divisor. 

RULE. 

Cut  off  the  cyphers  from  the  divisor,  and  just  the  same  num- 
ber of  digits  from  the  right  of  the  dividend  ;  then  divide  the 
remaining  figures  as  usual,  the  quotient  will  be  the  answer. — 


*  Add  the  remainder  and  all  the  products  of  the  several  que- 
rent figures  (muitipled  by  the  divisor)  and  the  sum,  if  the  wqfIs 
l»e  right,  will  be  equal  to  the  dividend. 
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To  the  remainder  (if  there  be  any)  annex   those  figures    cut  off 
from  the  dividend,  and  you  will  have  the  true  remainder. 

EXAMPLES. 

0)  (2) 

Divide  460000  by  1200        Divide  7600  by  40 

12(00)4600)00(383  Ans.  4(0)760)0(190  Ans. 

36  4 


100 
96 


36 
36 


40 

36 


400  true  remainder. 

3.  Divide  7380964  by  23000.  Ans. 

4.  Divide    11659112  by   890000. 

5.  Divide  9187642  by  9170000. 

6.  Divide  29628754963  by  35000 


Ans. 
Ans. 


>20^£* 


6  4 


1°  l"8"5c"6o"5" 

i       I  ?  6  4  ■*■ 

Ans.  846535-^lU 


SHORT  DIVISION. 

RULE. 
Find  how  many  times   the   divisor  is   contained   in  the  first 
figure  or  figures  of  the   dividend,    place  the  result  under,  and 
carry  as  many  tens  to  the  next  figure  as  there  are  ones  over. 

EXAMPLES. 

Dividend  (2) 

1.  Divisor     3)764329  4)1134152 


Quotient     25477  6-4-1   rem. 


(3) 
5)649871923 


283538 


6)1027182341 


(5) 
')25000321792 


(6) 
8)11297653009 


(r) 

9)8701256620 


(3) 

10)1097654321 
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(9)  (10) 

1)3076259862  12)175634539 


SECONDLY.     " 
When  the  divisor  is   a  composite  number,  or  the    product  of 
two  or  more  numbers  in  the  table. 

RULE. 
Divide  successively  by  the   component  parts   of  the    given 
divisor. 

EXAMPLES. 

1.  Divide     9125  by  25. 

5X5=25;  the   component  parts  of  the  given  divisor 
then,  are  5  and  5.     Thus, 

5)9125 


5) 

1825 
365 

quotient. 

* 

Divide 

178464 

by 

16. 

Ans.      11154 

5. 

Divide 

79638 

by 

36.* 

Ans\      2212-j^ 

4. 

Divide 

957387 

by 

54. 

Ans.      17359-^ 

5. 

Divide 

93975 

by 

84. 

Ans.      1  1 1  Sf£ 

6, 

Divide 

145260 

by 

108. 

Ans.      1345 

7.  Divide  1575360     by   144.  Ans.      10940 

To  Divide  by   10,   100,   1000,   10000,  kc. 
RULE. 
Cut  off  so  many  figures  from  the    right    of  the    dividend,  as 
there  are  cyphers  in   the  divisor  ; — that    part  cut   off  from  the 
dividend  is  the  remainder,  the  other  figures  in  the  dividend  are 
the  quotient. 

EXAMPLES. 

0) 

Divide     600065  by    1000 

1(000)600)065(600  quotient,  and  65  remainder. 

2.  Divide     65  by  10.  Ans.     36  and       5  rem. 

3.  Divide  5762        by       100.  Ans.     57  and     62  rem. 

4.  Divide  90764     by     1000.  Ans.     90  and  764  rem. 

5.  Divide  876432  by   10000.  Ans.     87  and  6432  rem. 


*  The  total  remainder  is    found   by  multiplying  the  last  re« 
maindcr  by  the  first  divisor,  and  adding  in  the  first  remainder. 
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SUPPLEMENT  TO  MULTIPLICATION. 

To  multiply  by  a  mixed  number,  that  is  a  whole  number  and 
a  fraction. 

RULE. 

Multiply  by  the  whole  number,  and  take  \.  J,  ^,  he.  of  the 
multiplicand,  and  add  it  to  the  product. 

EXAMPLES. 


1. 

Multiply 

43  by  12f 

12 

2  It 
516 

(2) 
Multiply  |)24 

by    :    Si 

6=1 

72 

Ans. 

537% 

Ans.          90 

3. 

4. 
5. 
6. 

Multiply 
Multiply 
INIultiply 
Multiply 

2464     by 

6497     by 

12248     by 

345     by 

Ans.      20533-f 
Ans.      33413-$- 
Ans.    119  1418 
■Ans.       6598| 

Practical  Questions  in  Multiplication  and  Division. 

1.  In   36   pieces    of  broad  cloth  each    containing  24-J  yds. 
how  many  yds.?  Ans.     873 

2.  What  is  the  product  of  430  multiplied  into  itself  ? 

Ans.      184900 

3.  What  number  multiplied  by  9  will  make  225  ? 

Ans.     25 

4.  What  cost  9  yds.  cloth  at  g7  pr.  yd  ?     Ans.  S  &3 

5.  If  a  man    spend  S600  pr.  year,  what  is  that  pr.  calender 
month  ?  Ans.   S  50 

6.  Sold  a  ships  cargo  for  g  7940,  required  to  find  1-4  of  the 
amount  ?  Ans.  S  1985 

7.  The  quotient  of  a  certain  number  is  1 1940,  and  the  divisor 
20,  what  the  dividend  ?  Ans.     238800 

8.  How  many  feet  are  there  in  a  mile,  or  320  rods,  allowing 
each  rod  contains  16|  feet  ?  Ans.     5280 

9.  How  many  yards  in  a  mile,  if5-|  yds.  make  one  rod  ? 

Ans.      1760 

10.  How  many  yards  of  broadcloth,  at  Sniper,  yd.  may   be 
bought  for  37  yds.  of  do.  at  S  34  per.  yrd.  ?     Ans.     18|  yrds. 
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1 1 .  How  much  -wine,  at  1|  doll,  pr.  gal.  with  molasses,  at  i  doll, 
pr.  gal.  and  of  each  an  equai  quantity,  must  be  had  in  exchange, 
for  35  gallons  of  brandy,  at  8  2,25,  pr.  gal.  and  10  gallons  of  old 
spirits,  at  S  1,12-J  pr.  gal.?  An*.     40  gallons. 


COMPOUND  ADDITION. 

Teaches  to  unite  several  numbers  of  different  denominations— 
as  pounds,  shllings,  pence,  Sec.  into  one  sum. 

RULE.* 

1.  Place  numbers  of  the  same  denomination  under  eadi 
other. 

2.  Add  the  figures  in  the  right  hand  column,  and  find  how 
many  of  the  next  denomination  are  contained  in  the  sum, 
which  carry  to  the  next  denomination  ;  observing  to  set  do\vn 
the  remainder  under  the  column  added,  and  thus  proceed  with 
all  the  columns  excepting  the  last,  where  the  whole  sum  is  t« 
be  written  down. 

STERLING  MONEY. 

(0  (2)  (3) 

■£ .       s.       d,  £.        s.       d.      qr.       £.        s.        d.        grm 

\7      13        4  84      17        5        2  47      13        6  0 


13 

10 

2 

75 

13 

4 

1 

19 

2 

9 

2 

10 

17 

3 

51 

17 

8 

3 

14 

10 

11 

1 

8 

8 

7 

20 

10 

10 

1 

12 

9 

1 

S 

3 

3 

4 

17 

15 

4 

2 

8 

7 

6 

2 

8 

8 

10 

10 

11 

0 

1 

2 

7 

1 

54 

1 

4 

261 

5 

8 

1 

36 

8 

0 

176 

8 

2 

3 

54 

1 

4 

261 

5 

8 

1 

*  The  reason  of  this  rule  will  be  obvious,  if  we  consider,  that 
1  in  the  column  of  pence,  is  equal  to  4  in  the  column  of  farth- 
ings, and  1  in  that  of  shillings,  to  12  in  the  column  ofper.ee  Sec. 


22 
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€ 

ii 

s.     d. 
9   6 

qr. 

1 

CO 

£\   ,.    d.     qr. 

144  9    12   1 

r          (6) 
£.        ».      d.    qr. 

987    6   9   1 

19 

8  4 

3 

160  19    10  3 

17   19  11   2 

99 

11  10 

2 

140  4    0   2 

6   4  0   3 

6 

0  4 

1 

910  0    4  3 

89   6  10  2 

2.  TROY  WEIGHT 

lb. 
19 

oz. 
11 

/rw/.  gr. 

19   23 

lb.     oz.  pivt.   gr. 
11    9   6   4 

lb.     oz.  jiwt. 
9   11   19 

23 

11 

10 

11   20 

20   7   3   20 

8   10   18 

22 

6 

9 

17   10 

10   9   16   17 

7   9   17 

21 

4 

8 

4   9 

9   8   14  23 

19   8   16 

2® 

3 

7 

12   17 

17        4   19   3 

18   7   15 

19 

3.  AVOIRDUPOIS  WEIGHT. 

cwt.     qr.      lb.  lb.       oz.      dr.  T.     cnvt.     qr.     lb. 


2 

3 

27 

25 

13 

15 

90 

4 

2 

17 

14 

4 

2 

18 

24 

10 

14 

100 

4 

3 

27 

15 

6 

1 

17 

23 

11 

13 

86 

19 

o 

19 

12 

9 

0 

16 

18 

9 

10 

14 

13 

1 

0 

0 

3 

3 

14 

27 

( 

8 

96 

10 

3 

17 

14 

4.  CLOTH  MEASURE. 


Yd. 

qr. 

r.a, 

70 

3 

3 

13 

2 

1 

90 

0 

0 

S 

1 

3 

6 

o 

1 

JE.E. 

qr. 

na. 

44 

2 

2 

60 

1 

90 

1 

3 

30 

3 

3 

20 

0 

o 

£.  F. 

qr. 

na 

90 

2 

3 

108 

1 

3 

76 

3 

2 

40 

1 

3 

95 

0 

2 

5.  DRY  MEASURE. 

0*. 

?r. 

tit. 

bu. 

/Ik- 

qt. 

bu. 

fik. 

?'. 

fit. 

1 

7 

0 

70 

3 

4 

95 

2 

1 

1 

2 

6 

1 

60 

2 

1 

76 

2 

7 

0 

3 

5 

1 

55 

3 

7 

40 

2 

6 

1 

1 

4 

0 

60 

1 

6 

25 

2 

4 

0 

2 

o 

1 

9 

1 

6 

3 

2 

5 

1 
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9  WINE 

MEASURE. 

Gal. 

qt. 

tit. 

hhd. 

gal. 

9t. 

Jit. 

pijie 

////<*. 

gal, 

39 

3 

1 

42 

61 

o 

1 

34 

2 

2 

36 

3 

0 

20 

35 

2 

0 

11 

1 

3 

35 

2 

1 

19 

24 

1 

1 

7 

2 

2 

22 

3 

0 

17 

11 

r> 

0 

19 

1 

o 

11 

1 

10 

9 

0 

1 

45 

1 

1 

7.  LONG  MEASURE. 


rrf*. 

A 

in. 

*'e. 

m. 

fur. 

Ab& 

/f. 

»2. 

/wr. 

fioL 

4 

2 

11 

2 

46 

3 

16 

85 

2 

7 

27 

i 

2 

9 

2 

91 

1 

29 

75 

2 

5 

19 

o 

1 

8 

1 

67 

j 

IS 

25 

1 

4 

23 

1 

0 

7 

1 

60 

7 

33 

95 

1 

6 

11 

1 

10 

1 

35 

o 

fi 

11 

2 

o 

15 

8.  LAND,  OR  SQUARE  MEASURE. 

dcres  roods    rods  acres  roods  rods  acres  roods    rods 


440 

3 

37 

11 

3 

17 

990 

3 

39 

760 

2 

33 

97 

2 

16 

760 

0 

14 

600 

1 

14 

20 

3 

IS 

17 

3 

38 

976 

2 

35 

36 

0 

24 

32 

2 

20 

37 

0 

20 

25 

0 

8 

203 

3 

34 

T. 

A 

40 

90 

103 

7 

23 

23 

9.  SOLID  MEASURE. 

cords,      ft.  ft.  inches. 

3     127  20  1440 

20    220  26  1259 

35     29  22  1440 


10. 

TIME. 

Yrs. 

mo. 

w. 

dys. 

Yrs. 

dys. 

lu 

m. 

sec, 

57 

7 

3 

26 

22 

300 

23 

59 

34, 

230 

6 

2 

5 

33 

327 

23 

44 

4S 

n 

10 

4 

30 

23 

364 

20 

43 

58 

19 

9 

3 

9 

34 

303 

23 

34 

3S 

?A 
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n. 

CIRCULAR  MOTION 

& 

o 

A 

w 

5. 

o 

\ 

\* 

S.     o 

\ 

M 

29 

17 

14 

11 

29 

50 

40 

17     0 

1 3 

50 

2 

23 

57 

44 

10 

20 

30 

45 

34  25 

49 

35 

4 

22 

20 

40 

37 

18 

48 

29 

42    10 

38 

7 

1 

20 

35 

40 

23 

17 

59 

57 

20    12 

36 

54 

4 

14 

45 

55 

99 

29 

40 

50 

44   20 

0 

33 

6 

24 

42 

0 

8 

17 

39 

42 

5   27 

15 

42 

COMPOUND  SUBTRACTION. 

Teaches  to  find  the  difference  between  any  two  sums  of  dif- 
ferent denominations. 

RULE. 

Place  numbers  of  the  same  denomination  under  each  other, 
the  less  below  the  greater;  begin  with  the  least  denomination, 
and  if  it  exceed  the  figure  above  it,  borrow  as  many  units  as 
make  one  of  the  next  greater  ;  subtract  it  therefrom,  add  the  up- 
per figure  to  the  difference ;  always  adding  one  to  the  next 
higher  denomination  for  that  which  you  borrowed.  PROOF—** 
the  same  as  in  Simple  Subtraction. 

1.  STERLING  MONEY. 

EXAMPLES. 

£.        s.      d.   qr.  £.  s.  d.  qr. 

From      345      16      5      3  494  17  9  3 

Take       128      17     4     2  479  19  10  2 


Difference  217     19     1      1 


2.  TROY  WEIGJfc 

[T. 

lb. 

or. 

fiwt. 

oz  put.    gr. 

lb. 

cz.  flVft.  gr. 

12 

10 

19 

10      19      23 

120 

10      16      19 

9 

11 

18 

6      17      19 

134 

11       15      17 
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3.  AVOIRDUPOIS  WEIGHT. 


lb. 

oz. 

dr. 

out. 

qr. 

lb. 

T. 

civt. 

yr. 

f*. 

oz. 

dr. 

9 

7 

15 

7 

3 

13 

3 

10 

o 

24 

15 

13 

4 

9 

16 

5 

2 

15 

2 

12 

2 

29 

U 

IS 

4.  CLOTH  MEASURE. 

na.             E.E.  qr.      na.               E.E.  qr.  na. 

3                  64       2          2                   190  2  3 

40        1          3                     08  1  3 


5.  DRY  MEASURE. 

bu.       fik.       qt.  bu.     fik.       qt.  bu.  fik.  qt. 

7  11  70       3  4  95  2  1 

6  2  0  60       2  1  76  2  7 


6  WINE  MEASURE. 

Gal.     qt.     fit.  gi.        hhd.     gal.     qt.     fit.  hhd,  gal.  qt.  fit. 

39        3        1      2         261        3  12  34        2  2      1 

36        3       0     0  20     35  2        0  08      1 1  1      0 


7.  LONG  MEASURE. 

Yds.    ft.     in.     be.          m.    fur.    fiol.          le.  ?n.  fur.  fxoU 

4        2        11      2             96        3          16            85  2  7  27 

12          9     2            41         1          29             75  2  5  19 


8.  LAND,  OR  SQUARE  MEASURE. 

Icres  roods    rods  acres  roo.ds  rods  feet,     inches. 

760         2  38  97  2  16  960  14* 

140  3  37  11  3  17  790  33 


.0 
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9.  SOLID  MEASURE. 

T.    ft.  cords,      ft.                 T.  ft.  inc/ies. 

240      90  3           127               1440  20  238 

03        7  2          220                    26  18  125 


""'        ' 



J 

0.  TIME. 

rrs,      mo. 

*w. 

ill/S. 

?r*. 

ciys. 

h. 

m.     sec. 

130 

7 

3 

26 

32 

300 

23 

59        34 

57 

6 

2 

5 

IRC 

23 

327 

23 

44        43 

11.  C 

ULAR  MOTION 

*      o 

\ 

\\ 

& 

0            \ 

\\ 

S. 

o         \        S\ 

3      29 

17 

14 

11 

29      50 

40 

37 

0      13      50 

2      23 

57 

44 

10 

20      30 

45 

14 

25      49      35 

1 

COMPOUND  MULTIPLICATION. 

Shows  how  to  find  the  amount  of  any  given  number  of  diverse 
denominations,  by  repeating  it  any  proposed  number  of  times. 
FEDERAL  MONEY. 

RULE. 

Multiply  as  in  whole  numbers  ;  and  place  the  seperatrix  as 
many  figures  from  the  right  hand  in  the  product,  as  it  is  in  the 
multiplicand.  * 

EXAMPLES. 

CO  (2) 

S  cts.  dol.  d.  cm. 

Multiply   17   18     by  25         Multiply  7     13  9     by   1 4 

25  1   4 


85   90  28      5   5   6 

343   6  71      3  9 


Product.  S  428,  50  Product.  8  99,    9  4  6 


3.  Multiply  1 1   mills  by  40  Ans.  S  0  44 

4.  Multiply  41  cents  5  mills,  by  150  An*t      62  25 
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5.  Multiply  9  dols.  by  50  Ans.    450  00 

6.  The  number  of  inhabitants  in  the  United  States  is  7  mil- 
lions ;  if  each  should  pay  the  sum  of*  8  cents  yearly,  for  9  years, 
how  many  dollars  would  be  raised  ?  Ans.  5  millions. 


WEIGHT,  MEASURE,  STERLING  310JYEY,  csV. 

RULE. 

Write  the  multiplicand,  and  place  the  quantity  under  the  least 
denomination  for  the  multiplier,  observe  the  same  rules,  for  car- 
rying as  in  compound  addition. 

i .  What  cost  9  lb.  of  sugar,  at  2s.  Sd.  2gr.  pr.  lb.  I 
2s  8$d 
9 


Ans.   U.   4s  Aid 


2.  3  lb.  of  green  tea,  at  9s.  6d.  pr.  lb.  ?         Ans.  £  1,  8s  6d 

3.  5  lb.  of  loaf  sugar,  as  Is.  3d.  pr.  lb.  ?  Ans.    £0        6  3 

4.  9  cwt.  of  cheese,  at  1/.  lis.  5d.  pr.  cwt.    Ans.      14/  2s  9d 

When  the  multifilier  exceeds   12  ; 
Multiply  successively  by  its  component  parts,  instead  of  the 
"tfbole  number. 

Examples. 
!".  16  cwt.  of  sugar,  at  \l.  18s.  8d.  pr.  cwt. 

(0    '  (2) 

\l  18s  8d  28  yds.  of  broad  cloth,   at  19s.  4u;. 

4  pr.  yd.  Ans.  £  27,  Is.  4d. 


7     14    8 

4 


£20      18s  8d 
o.   182  yds.  Irish  linen,  at  2s.  Ad.  pr.  yd.         Ans.    £  15,  8s 

4.  144  reams  of  paper,  at  13s.  4d.  pr.  ream.  Ans.  £  96,     0 

5.  96  bushels  wheat,  at  I/.  3s.  4d.  pr.  bush.    Ans.  £  112,  0 

If  no  two  numbers  multiplied  together  will  exactly  equal  the 
multiplier,  multiply  by  any  two  numbers  that  come  the  nearest? 
then  multiply  the  upper  line  by  the  remainder,  which  added  to 
the  last  product  givers  the  answer. 
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EXAMPLES. 

1.  What  will  47  yds.  broad  cloth  come  to,  at  17*.  9c/.  pr.  yd.  ? 
£    s.    d. 

0,  17,    9         price  of  1  yd. 
5 

4      8     9         price  of  5  yds. 
9 


19    18     9         price  of  45  yds- 
115     6         price  of  2  yds. 


Ans.       41,  14     3         price  of  47  yards. 


2.  29  yds.  of  cambricd,  at  0/.  13s.  7d.  pr.  yd. 

Ans.£\$.  I os.  iia 
S.   1 1 1  yds.  broad  cloth,  at  1/.  2s.  6d.  pr.  yd. 

dns.£\24,  \7s.  6d. 

4.  23  ells,  at  o£  3s.  6|rf.  pr.  ell  ?  Ans.£  4,  Is.  5rf.$ 

5.  117  cvvt.  Malaga  raisins,  at  £1,  2s.  3d.  pr.  cwt. 

Ans.  £\30y  3s.  3d. 

6.  59  yds.  tabby  velvet,  at  7s.  \0d.  pr.yd.  Ans.£  23,  2s.  2rf. 

7.  What  is  the  weight  of  7  hhds.   of   sugar,  each   weighing 
9  cwt.  3qr.  12  lb.  ?   *"  Ans.    69  cwt. 

8.  In  9  fields,  each  containing  14  acres,  1  rood,  and  25  poles, 
how  many  acres  ?  Ans.  129c.  2qr.  25rods. 

9.  In  6  parcels  Qf  wood,  each  containing  5  cords  and  96  feet, 
how  many  cords  ?  Ans.  34f  cords. 

s-  °     v    u  s-  °     \  w 

10.  Multiply     1    15  48   24  by  5.  Ans.   7    19  2  0 

11.  Multiply  3  cords,  87  feet,  by  8       *Ans.  29  cords  56  feet: 


COMPOUND  DIVISION. 

Teaches  to  find  how  often  one  number  may  be  had  in  another 
af  different  denominations. 

RULE.* 

Write  down  the   given  sum  in  cents,  and  divide  as  in  whole 
numbers  ; — the  quotient  will  be  the  answer  in  cents. 


*  Note.  If  the  cents  in  the  given  sum  are  less  than  10,  place 
tf  cypher  on  their  left,  or  in  the  ten's  place. 
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EXAMTLES. 

Divide     £  674  19  cents  by  24 
(1)      dol.cts.m-. 

24)67419(28,  09    l£ 
48 


To  bring  cents  into 

194 

dollars,  you  need  only 

19S 

point  off'  2  figures  on 



the    right,   the    rest 

219 

will  be  dollars. 

216 

30 

24 

When  there  is  a  remainder, 
add  a  cypher,  again  divide, 
and  you  will  have  the  mills. 


2«  Divide  4  dols.  9  cents,  or  409  cents  by  6.   Ans.  ,68,  ct5; 

3«  Divide  9  dols.  24  cents,  by  12.  Ans.  ,77  cts. 

4  Divide  2  dollars  into  S3  equal  parts.  Ans.  ,66,  cts. 

5.  Divide  1000  cents  by  25.  Ans.  ,40  cts. 

6.  Divide  999  cents;  by  9.  Ans.  1 1 1  cts. 

7.  Divide  1  dol.  by  2  mills.  Ans.  ,500  milfsV 

8.  Divide   125  dqls.  by  500.  Ans.    25  cts. 

9.  Divide  1©  cents,  by  10  mills.  Ans.    10  mills*. 

•      STERLING  MONEY,  WEIGHTS,  MEASURES,  Sec. 

RULE. 

Begin  at  the  left  hand,  as  in  simple  division,  and  if  any  thing 
remains,  determine  how  many  of  the  next  denomination  the  re- 
mainder is  equal  to,  which  add  to  the  next  denomination,  con- 
tinuing to  divide,  and  to  carry  the  remainder,  as  before,  till  the 
whole  is  finished.  (1) 

£.     s.     d.     qr. 
Divide  19     4     10     3     by  4. 

4)19     4      10     3 


£.4    16        2     2     £  Ans. 


2.  Divide  31/.  14s.  9d.  2yr.  by  17. 

3.  Divide  1 19/.  12s.  2d.  3gr.  by  9. 

4.  Divide  1/.  19s.  8d.  Oqr.  by  11. 


£■ 

s.     d. 

qr 

Ans.  i 

17     4 

0 

Ans.  13 

5      9 

o 

Ans.  0 

3      7 

JS. 

4 

Note.  When  the  divisor  exceeds  12,  and  is  the  product  of  2 
numbers  ;  divide  by  one  of  these  numbers  first*  and  the  quotient 
by  the  other,  the  last  quotient  will  be  the  answer. 
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5.  Divide  128/.  9*.  Orf.  Qgr.  by  42.       Ans.    3        12       0 

6.  Divide  5/.  10s    34  Oyr.  by  8 1 .  Ans.  0        14       £ 

7.  Divide  6  tons,  1 1  cwt.  3qrs.  19lb.  by  4. 

*/«*.    1    T.  12  rfctf.  3?r.  25/6.  12oz. 

8.  A.  piece  of  cloth  containing  24  yds.  cost  ^.  18.  6s.  whatiS 
it  pr.  yd.  ?  Ans.  15s.  3d. 

9*.  Divide    17  lea.  1  m.  4  far.  21  pols.  by  21. 

Ans.  2  in.  4  fur.   1   pol. 

10.  From  apiece  of  cloth  containing  64  yds.  and  2  nails,  a 
taylor  was  directed  to  make  27  coats;  what  did  each  coat  con- 
tain ?  Ans.  2  yds.  1  qr.  2  na. 


REDUCTION. 

Teaches  to  change  numbers  from  one  denominatiftn  to  anoth- 
er, without  altering  their  value. 

Reduction  is  either  Ascending,  or  Descending.  It  is  Ascen- 
ding, when  numbers  of  a  lower  denomination  are  raised  to  a 
higher  denomination.  It  is  Descending,  when  numbers  of  a 
higher  denomination  are  reduced  to  a  lower  denomination. 

PROOF.     Invert  the  order  of  the  question. 

REDUCTION  DESCENDING. 

RULE. 

Multiply  the  highest  denomination  given,  by  so  many  of  the 
next  less,  as  make  one  of  that  greater  ;  and   thus    continue  till 
you  have  reduced  it  as  low  as  the  question  requires. 
examples. 
1.  In  57/.  13s.  7d  3qr.  how  many  farthings  ? 
20 


753  Shillings.* 

4)36175 

12 

I2)9043-f-  Sqf. 

0043  pence. 

PROOF. 

20)75,3  J-  7d. 


Is.  36 175  farthings.  ^37,13,7,3 


2.  In  23/  lis.  ?\i.  how  many  farthings  ?  Ans.  2263S. 

3.  In  47/.  19«.  3d.  how  many  shillings,  pence  and  farthings  * 

Ans.  959s.  1 15  1  Id  and  46044yr. 


"Note.  In  multiplying  by  20,  add  in  the  shillings,  by  12  add 
in  the  pence,  and  by  4,  add  In  the  farthings,  if  any,  in  all  similar 

'VJSCS, 
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4.  In  315  dolls.  50  cents,  how  many  threepences  and  farth- 
ings ?  Ans.   7572  threepences,  90864  qr. 

5.  In  121  French  crowns,  at  6s.  Hd.  each,  how  many  pence  and 
farthings  ?  Ans.  9680d.  38720  qr, 

6.  In  312/  Ss.Zkd.  how  many  sixpences  and  half-pences  ? 

Ans.  12497  sixpences,  149964  half  pence.s. 

REDUCTION  ASCENDING. 

RULE. 

Divide  the  lowest  denomination  given,  l>y  so  many  of  that  de- 
nomination, as  make  one  of  the  next  higher,  and  so  on  through 
all  the  denominations,  as  far  as  the  question  requires. 

PROOF.     Multiply  inversely  by  the  several  divisors. 

EXAMPLES. 

1.  In  1223 IS  farthings,  how  many  pence,  shillings,  and 
pounds  ? 


Farthings  in  a  penny  ==  4)122318. 

Pence  in  a  shilling  r=  12)30579  -£- 


tor. 


Shillings  in  a  pound  ==  2,0)254,8  -j-  3d. 

Ans.       £1  27,8s.  3d.2qrs, 

2.  In  30329  farthings,  how  many  pounds  ? 

Ans.  £  31,  11*  \0d.  Iqr. 

3.  In  46044  farthings,  how  many  pence,  shillings,  and  pounds  ? 

Ans.  1151  Id.  959s.  47 i. 

4.  In  90864  farthings,  how  many  dollars  ?     Ans.  g  315£'. 

5.  In  20160  pence,  how  many  pounds  ?         Ans.  £  84  * 

2.  TROY  WEIGHT. 

1.  In  a  dozen  of  silver  spoons  weighing  lib.  3oz.  lipwt. 
many  grains  ?  Vy?^.  7464  grains. 

2.  In  10  ingots  of  gold,  each  weighing'^.  Spwt.  how  many 
grains  ?  Ans.  44400 

3.  How  many  table  spoons  weighing  23pwt.  each,  and  tea 
spoons  4pwt.  6  grs.  each,  and  an  equal  number  of  each  so: 

be  made  from  41b.  loz.  JLpwt.  of  silver.         .'Ins.  36 

REDUCTION  ASCENDING  AND  DESCENDING 

3.    AVOIRDUPOIS    WEIGHT. 

1.  In  19  1b.  Uoz.  lldr.  how  many  drams  I  Ans.  5099 

2.  In  5  tons,  how  many  drams  ?  Ans.  ~8672QQ 

3.  Bring  5099  drams  into  pounds.  Ans,  \9ib.  I4o3.il  tlr 

4.  A  merchant  has  5  hhds.  of  tobacco,  each  8  cwt.  3  qrs.  141b. 
an,d  wishes  to  put  it  into  boxes  containing  70lb.  each,  how  nn*n . 
boxes  arq  requisite  •  Ans.  71 
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4.  CLOTH  MEASURE. 

1.  In  5469  nails,  how  many  yards  ?  Ans.  541  yds.  3  qr.  1  na. 

2.  In  1220  nails,  how  many  Ells  English?  Ans.  61. 

3.  In  28  Ells  Flemish,  how  many  quarters  and  nails  ? 

Ans.  84  qr.  336  na. 

4.  How  many  coats  containing    1^  yds.   each,  can   be  made 
4rpm  rS|  yards  of  broad  cloth?  Ans,  42. 

5.  DRY  MEASURE. 

1.  In  68  bushels,  how  many  peaks,  quarts,  and  pints  ? 

Ans.  272  pecks,  2176  qts.  4352  pts. 

2.  In  25  bush.  3  pks.  7qts.  how  many  quarts  ?        Ans.  831. 

3.  In  8704  pints,  how  many  bushels  ?  Ans.  136. 

4.  A  gentleman  has  1003    bush.  3   pks.  of  grain,  and  a  team 
that  consumes  2^  bush.  pr.  day,  how  long  will  the  grain  last  ? 

Ans.  one  yea.r 

9.  WINE  MEASURE. 

1.  In  9  tons  of  wine,  how  many  quarts  ?  Ans.  9072. 

2.  In  18144  pints  of  wine,  how  many  hhds.  ?  Ans.  36. 

3.  How  many  bottles  containing  li  pint,  can  be  filled  from  £ 
pipe  of  wine  ?  Ans.  672. 

7.  LONG  MEASURE. 

1.  In  17  miles,  how  many  inches  ?  Ans.  1077120. 

2.  In  3  leagues,  how  many  yards  ?  Ans.  15840. 

3.  How  many  revolutions  do  the  forward  wheels  of  a  stage 
describe  in  running  from  Hartford  to  New-Haven,  it  being  34 
miles,  allowing  the  wheels  to  be  14^  feet  in  circumference  ? 

Ans.  12114tVt 

4.  What  is  the  circumference  of  the  globe  in  inches,  it  being 
3'60  degrees  ?  Ans.  158526720Q 

8.  TIME. 

1.  In  1  year,  or  3'~...  5h.  48N  5S^how  many  seconds  ? 

Ans.  51556938 

2.  In  655989  days,  how  many  years,  reckoning  the  year  to 
cpntain  565d.  6h-  ?  .    Ans.   1796 

3.  How  many  minutes  were  there  from  the  brith  of  Christ  to 
the  year  1776,  allowing  the  length  of  the  year  the  same  as  in  the 
first  example?  Ans.  934085364^  48^ 

9.  CIRCULAR  MOTION. 

L  In  9  signs,  13°  2^  how  many  seconds?     Ans.   1020300 

2.  In  811480  seconds,  how  many  signs  ? 

Ans.  75.  15°  24W0^ 

3.  How  many  minutes  in  the  whole  of  the  Earth's  orbit,  or 
Wsffra  ?  .  Ans.  <?\600 
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OF  CURRENCIES. 

RULE. 

Divide  the  given  sum  reduced  to  shillings,  to  sixpences*  or 
pence,  by  the  number  of  shillings,  or  pence,  in  a  dollar,  in 
*^ach  state. 

1.  Reduce  £63  15s.  New  England  currency  to  Federal  Mon- 
ey. Ans.  g  212  50  cts. 

2.  Reduce  £*43l  New  York  currency  to  Federal  Money. 

Ans.  8  1077  50 

3.  Reduce  £37  10s.  Pennsylvania  currency  to  Federal  Mon- 
ey. Ans.  8  100. 

To  change  Federal  Money  to  the  currency  of  each  state. 
RULE. 

Multiply  the  given  sum  in  cents,  by  the  number  of  pence  in  a 
dollar,  and  cut  off  two  figures  to  the  right  of  the  product,  what 
is  left  will  be  the  answer  in  pence,  and  if  the  figures  thus  sepe- 
rated,  be  multiplied  by  4  ;  and  2  figures  again  cut  off  as  before^ 
.those  at  the  left  hand  will  be  farthings. 

EXAMPLES. 

Reduce  g>  438  42  cts.  to  New-York  currency. 

Ans.      ^175  7s.  4*d, 
Reduce  g  1971   96  cts.  to  New-England  currency. 

Ans.     £591    lis.  9cf. 
Reduce  85  dolls.  43  cts.  to  sterling  money. 

Ans.    £\  9  4s.  5d. 


Note. — When  the  given  sum  is  dollars?  multiply  by  the  num- 
ber of  shillings  in  a  dollar, 
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DUODECIMALS. 

Duodecimals  are  so  called,  because  they  decrease  by  twelves, 
from  the  place  of  feet  towards  the  right.  Inches  are  sometimes 
called  primes,  and  marked  thus  '  ;  the  next  division,  after  inches, 
is  called  parts,  or  seconds,  and  is  marked  thus  "  ;  the  next  is 
thirds,  marked  thus  5"  ;  Sec. 

Multiplication  of  Duodecimals  ;  or  Cross  Multiplication: 
RULE. 

1.  Under  the  multiplicand  write  the  same  denominations  of 
the  multiplier,  that  is,  feet  under  feet,  inches  under  inches,  Sec. 

2.  Multiply  each  term  in  the  multiplicand,  beginning  at  the 
lowest,  by  the  feet  in  the  multiplier,  and  write  each  result  un- 
der its  respective  term,  observing  to  carry  an  unite  for  every  12, 
from  each  lower  denomination,  to  its  next  superiour. 

3.  In  the  same  manner,  multiply  every  term  in  the  multipli- 
cand by  the  inches  in  the  multiplier,  and  set  the  Jesuit  cf  each 
term  one  place  farther  toward  the  right  of  those  in  the  multi- 
plicand. 

4.  Proceed  in  like  manner  with  the  seconds  and  all  the  rest  ef 
the  denominations,  if  there  be  any  more  ;  and  the  sum  of  all  the 
several  products,  will  be  the  product  required. 

The  products  of  the  several  denominations  depend  upon  the 
principle,  that — 
Feet  by  feet  give  feet.  Primes  by  primes  give  seconds. 

Feet  by  primes  give  primes.     Primes  by  seconds  give  thirds. 
Feet  by  seconds  give  seconds.    Primes  by  thirds  give  fourths. 
Sec.  8:c. 

Seconds  by  seconds  give  fourths.  Thirds  by  thirds  give  sixths, 
Seconds  by  thirds  give  fifths.  Thirds  by  fourths  give  sevenths. 
Seconds  by  fourths  give  sixths.  Thirds  by  fifths  give  eights. 

Sec.  Sec. 

Or,  in  general 

When  feet  are  concerned,  the  product  will  be  of  the  same  de- 
nomination as  the  term  by  which  the  feet  are  multiplied.  When 
r'eet  are  not  concerned,  the  name  of  the  product  will  be  express- 
ed by  the  sum  of  the  strokes,  or  mark::,  over  both  the  factors. 
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EXAMPLES. 

Required 

ihe  contents  of  a 

/'• 

10 

7 

cei 

» 

4 
8 

ling 

5 
6 

10ft.  4' 

5"  by  7ft. 

8: 

«■* 

72 

6 

11 

6 

10 
5 

11 

4 
2      6 

Feet  79 

w 

0" 

6"'  6" 

"  Ans. 

2.  How  many  square  feet  in  a  board  17  feet  7  inches  long, 
and  1  foot  5  inches  wide?  Ans.  24f.  i©'  11" 

3.  How  many  solid  feet  in  a  stick  of  timber  12  feet  10  inches: 
long,  1  foot  7  inches  wide,  and  1  foot  9  inches  thick  ? 

Ans.  35f.6*  8"  6'" 

4.  Required  the  number  of  solid  feet  in  a  load  of  wood,  thai 
is  9\  feet  long,  3-f  feet  wide,  and  3  feet  7  inches  high  ? 

Ans.    113f.  5'   8" 

5.  How  many  yards  of  painting  in  a  room  20  feet  in  lengtl^ 
14f  feet  in  breadth,  and  10^  feet  in  height,  deducting  a  fire  place 
of  4f.  by  4-j-f.  and  2  windows,  each  6f.  by  3-yf.  ?    Ans.  73T\  yards. 

In  like  manner  may  pounds,  shillings,  pence,  Sec.  be  multi- 
plied into  each  other,  by  observing  the  following  principle — 
that  Pounds  by  pounds  give  pounds. 

Pounds  by  shillings  give  -shillings. 
Pounds  by  pence  give  pence, 
&c. 
Shillings  by  shillings,  every  20  is  1   shilling,  every  5  is  3d. 
and  each  1  is  2  farthings,  and  4  tenths  of  a  farthing. 

Shillings  by  pence,  every  5  is  a  farthing,  and  each  one  2 
tenths  of  a  farthing,  Sec. 

Pence  by  pence,  every  GO  is  a  farthing,  and  every  6  one  tenth 
of  a  farthing. 

EXAMPLES. 

I.  Let  it  be  required  to  multiply  31.  5s.  6d.  by  21.  12s  9d. 
£     s.  d. 


a 


5    6 

2    12   9 


6    110  grs.  tenths. 
1    19    5      2        4 
2   5      1         9 

Ans.         81.  12s.9d.0qr.  -^ 
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2.  Let  it  be  required  to  multiply  2s.  6d.  by  itseli. 

Ans.  3d.  3qrs.* 

In  the  above  example,  a  fiound  was  considered  the  integer  ; 
but  when  a  shilling  is  taken  for  the  integer,  observe  the  follow- 
ing precepts  ; — namely,  that 

Shillings  by  shillings  give  shillings. 

Shillings  by  pence  give  pence. 

Shillings  by  farthings  give  farthings,  Sec. 

Pence  by  pence,  every  12  Is  a  penny,  and  each  3  a  farthing. 

Pence  by  farthings,  every  12  is  a  farthing,  and  each  3  is  i  of  a 
farthihg,  he. 

Farthings  by  farthings,  each  12  is  £  of  a  farthing. 

EXAMPLES 

1.  Let  it  be  required  to  multiply  2s.  6d.  by  2s,  6d.  one 
shilling  being  taken  for  the  integer. 

s.     d.  (2) 

2     6  Multiply  21  feet  by  2\  feet. 

2     6  2f.  6* 


5     0  — 
1      3  o                                            5 
1 


£0  6     3  0 


Feet  6     3*     Ans. 

Where  it  is  apparent,  that  if,  instead  of  shillings,  pence  and 
farthings,  we  reckon  feet  inches  and  quarters,  the  result  will 
be  the  same. 

The  two  following  questions  are  Sexcessimals. 

3.  If  two  places  differ  in  longitude  2°  12* ;  what  is  their  dif- 
ference of  time  ? 

Mult.  2°    12'  00"  00"' 

by  5'  59"  20'"     the  time  in  which  the  Sun  passes 

• through  one  degree. 

Ans.      8'  46"   32'" 

4.  Two  places  differ  in  longitude  31°  27'  30",  what  is  the 
difference  in  time  of  the  Sun's  coming  to  the  meridian  of  those 
places,  the  Sun  passing  through  15°  in  an  hour  ■ 

31°   27'   30" 

4'  00"         In  4  minutes  of  a  solar  day,  the  Sun 
passses  1  degree. 


Ans.  1°  6'  50"  CO 


13? 


•Note.     Whence  it  is  manifest  that  fractions    multiplied, 
become  less,  in  the  same  proportion  as  integers,  by  multiplying, 


become  greater 
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SIMPLE  PROPORTION,  OR  RULE  OF  THREE. 

Teaches,  that  by  having  three  proportionals  given,  to  find  v. 
fourth,  which  multiplied  into  the  first,  shall  be  equal  to  the  pro- 
duct of  the  other  two:  or  the  rule  of  three  teaches,  by 
having  three  numbers  given,  to  find  a  fourth,  which  shall  have 
to  the  second  the  same  ratio,  that  the  third  has  to  the  first. 

Proportion  in  common  Arithmetic k,  is  generally  consid- 
ered direct,  or  inverse.  It  is  direct,  when  more  requires  more, 
or  less  requires  less,  and  inverse,  when  more  requires  less,  and 
Jess  requires  more. 

1.  Observe  that  two  of  the  given  numbers  in  the  question  are 
always  of  the  same  kind,  one  of  which  must  be  the  first  number 
in  stating,  the  other  the  third  ;  consequently  that  number  which 
is  of  the  same  kind  with  the  answer  or  thing  sought,  will  always 
be  the  second,  or  middle  term  in  statins:. 

2.  Observe  farther  ;  the  third  term  is  always  a  demand,  and 
may  be  known  by  its  asking  the  question. 

RULE. 

1.  Write  the  numbers  so  that  the  term  which  asks  the  ques- 
tion may  possess  the  third  place,  and  that  which  is  of  the  same 
kind  with  it,  the  first  place,  the  remaining  term  will  posses 
the  second  place. 

2.  Bring  the  first  and  third  terms  to  the  same  denomination, 
and  reduce  the  second,  to  the  lowest  name  mentioned  in  it. 

3.  Multiply  the  second  and  third  terms  together,  and  divide 
.their  product  by  the  first,  the  quotient  will  be  the  answerin  the 
same  denomination  as  the  second  term.* 


*  This  rule  is  founded  on  the  principle  that  if  four  numbers 
be  proportional,  the  product  of  the  extremes,  is  equal  to  the 
product  of  the  means. 

Thus  4:  S  :  :  16  :  32,  here  4  X  32  =  128  ;  and  8  X  16  =  128  : 
whence  it  is  evident,  that  dividing  the  product  of  the  means^  or 
the  product  of  the  extremes  by  the  first  extreme,  the  other  ex- 
treme is  obtained.  Thus — dividing  128  the  product  of  the 
means,  by  4,  gives  32  for  the  other  extreme  ;  and  dividing  the 
product  of  the  means,  or  the  product  of  the  extremes  by  one  of 
the  means,  the  other  mean  is  obtained.  Thus — dividing  128  the 
product  of  the  extremes,  by  8,  gives  16  for  the  ether  mean  ; 
hence  tae  propriety  of  the  rule,  in  multiplying  together  the  2d 
and  3d  terms,  or  the  means,  and  dividing  by  the  first  term,  or  the 
first  extreme,  to  obtain  the  other  ;  for  it  has  been  demonstrated, 
that  the  product  of  the  menus,  divided  by  the  first  extreme* 
gives  the  other  extreme. 
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This  rule  is  applicable  when  the  proportion  is  direct ;  but 
when  the  proportion  is  inverse  ;  that  is,  when  the  conditions  of 
the  question  require  the  answer  to  be  greater,  or  less  than  the 
second  term  :  Multiply  the  first  and  second  terms  together,  and 
divide  the  product  by  the  third.  The  quotient  will  be  the  an- 
swer in  the  same  denomination  as  the  middle  term. 

EXAMPLES. 

1.  If  6  yards  cost  g  18,  what  will  12  yards  cost  at  the  same 
rate  ?  6  :    18   :  :    12 

n 


6)  216  (36  dollars. 
18 

56 
36 

00 
If  18  dollars  buy  6  yards,  how  many  yards  will  36  dols.  buy  J 
18   :   6   :  :   36  (3) 

6  If  S  36  buy  12  yds.  how  many 

— ■ —  will  18  dollars  buy. 

18)216(12  Ans.     36  :      12  :  :    18 
IS  12 

36  36)216  (S  Ans.        I 

36  216 

00  000 
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4.  If  12  gallons  brandy  cost  25  dols.  44  cents,  -what  will  be  tbo 

Pipes. 


price  of  2  pipes,  at  the  same  rate 
Gal.      S 


As.  12 


12  :  25,44 

2 

hhds.  in  1  pipe- 

4 
63 

gal,  in   1  hhd. 

12 

24 

544     ;     : 
252 

252 

do.  in  2  pipes 

5088 
12720 
5088 


12)631088      (525  90  6*  Ans.   five    hundred  and 


60 

31 

24 


twenty-five  dollars,  ninety 
cents,  6  mills  and  two 
thirds. 


70 

60 

108 
lo8 


80 

72 


12 

5.  If  5  horses  eat  10  bushels  of  corn  in  a  week,  how  many  ivii* 
35  eat  in  the  same  time  ?  Ans.  70 

6.  If  an  ounce  of  silver  is   worth  90  cents,  what   is    a   cup 


worth  that  weighs  21b.  10  oz. 


Ans.  &  37  80 


7.  If  15°  of  the  equator  revolve  through  the  meridian  in  one 
hour,  in  what  time  will  150°  51'  15"  revolve  through  i 

Ans.    lOh.  15*  25" 
5.  What  is  the  tax  upon  S  50  97,  at  ten  cents  on  the  dollar. 

Ans.  g  509  70. 
9.  What  will  4  casks  of  raisins,  weighing  2  cwt.  2  qr.  25  IK 
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come  to,  at  16  cents  pr.  lb.  ?  Ans.  g  195  20 

10.  *At  the  rate  of  15  deg.  pr.  hour,  how  much  of  the  equator* 
will   revolve  through  the  meridian  in  12  hours  2  min.  26  sec.  ? 

Ans.    179  deg.  36  min.  30  sec. 

1 1.  When  the  Sun  is  on  the  meridian  of  London,  what  o'clock 
is  it  at  Mexico  North  America,  100  degrees  5  min.  45  seconds.? 

Ans.   5  o'clock,  19  m.  37  sec.  a.  m. 

12.  What  o'clock  is  it  at  Moscow  37  deg-.  45  min.  east  long, 
when  it  is  noon  at  London  I  Ans.  2  o'clock  31m.  r.  m. 

13  If  the  Sun  comes  to  the  meridian  of  London,  4h.  45m. 
20  sec.  sooner  than  it  does  at  the  Meridian  of  Cambridge,  what 
is  the  longitude  of  Cambridge  i  Ans.  71  deg.  20  m.  w. 

14.  suppose  a  Gentleman  has  an  income  of  g  1940  a  year, 
and  he  spends  3  dols.  46  cents  pr.  day,  how  much  will  he  have 
saved,  at  the  years  end  ?  Ans.  g  683    10 

15.  Sound  uninterrupted,  moves  about  1142  feet  in  a  second, 
how  long  then,  after  firing  a  cannon  at  Springfield  before  it  will 
be  heard  at  Hartford,  it  being  26  miles  ?  Ans.  2  m.  0  sec.|4f 

16.  In  a  thunder  storm  it  was  observed,  that  it  was  6  seconds 
between  the  lightning  and  thunder,  at  what  distance  was  the 
explosion  ?  Ans.  6852  ft.  =  1TV^  mile. 

17.  Suppose  a  rocket  was  seen  at  the  instant  of  discharge,  12 
seconds  before  the  report,  at  what  distance  was  the  f^im. 

Ans.  2^11.  miles. 

18.  If  g  100  in  one  year  gain  g  6,  what  will  g  5  14  15  cts. 
gain  in  the  same  time  ?  Ans.  g  18   84c.  9m. 

19.  If  g  212  25  c.  gain  S  12  37f  in  one  year  what  is  that  pr. 
cent  ?  Ans.     6 

20.  A  owes  B  g  1736  59  cts.  but  becoming  a  bankrupt,  he 
is  unable  to  pay  more  than  65  cents  on  the  dollar,  what  does  B 
receive  for  the  debt  ?  Ans.  g  1128  73c.  S/^-m. 

21.  If  a  man  buy  merchandize  to  the  amount  of  g  560,  and 
gain  by  the  sale  g  190  40,  how  much  will  he  gain  by  laying 
out  150  at  the  same  rate  ?  Ans.   g  50  00 

2  2.  If  30  men  perform  a  piece  of  work  ia  1 1  days,  how. many 
men  can  accomplish  another  piece  of  work  4  times  as  large  in, 
a  fifth  part  of  the  time  ?  Ans.  600 

23.  A  wall  that  is  to  be  built  to  the  height  of  27  feet,  was  rais- 
ed 9  feet  by  12  men  in  6  days,  how  many  men  must  be  employ- 
ed to  finish  the  wall  in  4  days,  working  at  the  same  rate  ? 

Ans.  36 

24.  If  a  stick  8  feet  long,  cast  a   shadow  on  level  ground  1% 


*  Note.  The  equator  may  always  be  supposed  to  revolve 
through  the  meridian,  at  the  rate  of  15  degrees  in  1  hour  of  so- 
lar time,  without  any  sensible  errour  ;  though  it  is  a  fraction 
wide  of  the  tiuth. 


42  VULGAR 

feet,  what  is  the  width  of  a  river,  over  which  si  tower,  known  to 
be  180  feet  in  height  casts  its  shade.  Ans.     270  feet. 

OF  THE  LEVER  OR  STEELYARD. 

It  is  a  principle  in  Mechanicks,  that  the  power  is  to  the 
weight,  as  the  velocity  of  the  weight,  to  the  velocity  of  the  pow- 
er ;  therefore  to  find  what  weight  may  be  raised  or  balanced  by 
any  given  power,  say  ; 

As  the  distance  between  the  body  to  be  raised,  or  balanced 
and  the  fulcrum,  or  prop,  is  to  the  distance  between  the  prop 
and  the  point  where  the  power  is  applied  :  so  is  the  power  to 
the  weight  which  it  will  balance. 

If  a  man  weighing  1601b.  rest  on  the  end  of  a  lever  10  feet 
long,  what  weight  will  he  balance  on  the  other  end,  supposing 
the  prop  1  foot  from  the  weight  ? 

The  distance  between  the  weight  and  the  prop  being  1  foot, 
the  distance  from  the  prop  to  the  power  is  10—1  =  9  fect? 
therefore, 

ft.    ft.  lb.         lb. 

As     1:9::      160  :   1440  Ans. 

If  a  weight  of  1440  be  placed  1  foot  from  the  prop,  at  what 
distance  from  the  prop  must  a  power  of  1601b.  be  applied  to 
balance  it  ? 

As     160  :   1440    :  :   1   :  9  feet.  Ans. 

At  what  distance  from  a  weight  of  14401b.  must  a  prop  be 
placed,  so  that  a  power  of  1601b.  applied  9  feet  from  the  prop, 
may  balance  it. 

As      1440  :    160     :  :  9   :   1  ft.  Ans. 

The  celebrated  Archimedes  said  he  could  move  the  Earth, 
if  he  had  a  place  at  distance  from  it  to  stand  upon,  to  manage  his 
machinerey. 

Now  suppose  the  Earth  to  contain  in  round  numbers 
4,000,000,000,000.000,000,00000  lb.  or  400000  Trillions  of  lbs. 
and  that  Archimedes  was  suspended  from  the  end  of  a  lever 
12,000,000.000,000,000,000,006,000  miles  in  length,  and  the 
fukru?n,ov  centre  of  motion  of  the  lever  to  be  6000  miles  from 
the  Earths  centre,  how  much  must  Archimedes  weigh  to  balance 
the  Earth  I  Ans.  200  lb. 

OF  THE    WHEEL  J.YD  AXLE. 

The  proportion  of  the  wheel  and  axle,  (where  the  power  is  ap- 
plied io  the  circumference  of  the  wheel,  and  the  weight  to  be 
raised  is  suspended  by  a  cord,  which  coyis  about  the  axle  as  the 
wheel  turns  round,")  is  as  the  diameter  of  the  axle  to  the  diame- 
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terofthe  wheel,  so  is  the  power  applied  to  the   wheel,  to  the 
weight  suspended  from  the  axle. 

Suppose  a  windless  is  constructed  in  such  a  manner,  that  141b. 
applied  to  the  wheel  will  raise  2241b.  suspended  from  the  axie, 
which  is  6  inches  in  diameter,  what  is  the  diameter  of  the 
wheel  ?  Ans.  8  feet. 

lb.       in.        lb.      in. 

Inversely,  As    224  :  6  :  :   14  :  96  =   8  feet. 

Suppose  the  diameter  of  the  wheel  to  be  8  feet,required  the 
diameter  of  the  axle,  so  that  141b.  suspended  from  the  wheel, 
may  balance  2241b.  on  the  axle. 

lb.       in  lb.     in. 

Inversely,  As  14  :  96  :  :  224  :  6  diameter  required. 

Suppose  the  diameter  of  the  wheel  96  in.  and  that  of  the  axle 
6  in.  what  weight  suspended  from  tbe  axle  will  balance  141b, 
upon  the  wheel  ? 

Inversely,  As  56  :  14  :  r  6  :  224  weight  required. 


OF  LOGARITHMS. 


THE  operations  of  Multiplication  and  Division,  when  they 
are  to  be  often  repeated,  and  the  extracting  of  Roots,  especially 
'  if  they  be  from  the  higher  powers,  become  so  tedious,  that  it  is 
an  object  which  has  long  employed  the  skill  and  talents  of  the 
most  profound  mathematicians,  to  substitute  in  their  place 
more  expeditious,  and  easier  methods  of  calculation. — To  effect 
this,  certain  numbers  have  been  so  contrived,  and  adapted 
to  other  numbers,  that  the  addition  and  subtraction  of  the  former, 
have  been  made  to  perform  the  office  of  multiplication  and  divi- 
sion in  the  latter,  with  imcomparabie  facility   and  expedition. 

The  invention  of  Logarithms  is  by  some  ascribed  to  Baron 
Napier.  But  the  kind  of  Logarithms  now  in  use,  was  invented 
by  Mr.  Henry  Briggs,  Professor  of  Geometry  in  Gresham  Col- 
lege, London. 

LOGARITHMS  (from  logos,  ratio  and  arithmos,  number) 
are  the  indices  of  the  ratios  of  numbers  to  one  another  ;  being  a 
series  of  numbers  in  arithmetical  progression,  corresponding  to 
others  in  geometrical  progression. 

_,  ^  o    1      2        3  4  5  indices  or  Logarithms. 


CO    1      : 

2  1,10,  h 


[00,  1000,  10000,  100000, 
This  is  the  most  convenient  series  of  numbers,  to  which  most 
of  the  modern  tables  of  logarithms  are  calculated. 

In  which  it  is  apparent  that  if  any  two  indices,  or  Logarithms, 
be  added  together,  their  sum  will  be  the  index,  or  logarithm,  of 
that  number,  which  is  equal  to  the  product  of  the  two  terms,  in 
the  geometrick  progression,  to  which  those  indices,  or  loga- 
rithms belong. 

Thus,  the  logarithms  2  and  3,  being  added  together,make  5,  cor- 
responding to  100000,  the  product  of  100,  into  1000,  and  the 
logarithms  1,  and  4,  being  added  together,  make  5,  the  loga- 
rithm corresponding  to  100000,  the  product  of  10  into  10000. 
Whence  it  is  evident  that  powers  of  the  same  root  may  be 
multi/ilied,  by  Adding  their  exponents,  or  logarithms.  In  like 
manner,  if  any  one  index,  or  logarithm,  be  subtracted  from 
another,  the  difference  will  be  the  logarithm  of  that  number, 
which  is  equal  to  the  quotient  of  the  two  terms,  to  which  those 
logarithms  belong.     Thus;  if  from  5,  (the  logarithm  of  10D000) 
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be  subtracted  2,  (the  logarithm  of  100)  the  difference  3,  will  cor- 
respond i.o  1000,  the  quotient  of  100000  divided  by  100. 

Again  ;  if  from  5,  (the  logarithm  100000)  be  subtracted  3, 
(the  logarithm  1000)  the  difference  is  2,  answering  to  100,  the 
quotient  arising  from  100000  divided  by  1000.  Hence  it  is 
manifest,  that. 

A  tower  may  be  divided  by  another  power  of  the  same  root, 
by  subtracting  the  logarithm  of  the  divisor,  from  the  logarithm 
of  the  dividend. 

So  also  if  the  logarithm  of  any  number  be  multiplied  by  the 
index  of  its  power,  the  product  will  be  equal  to  the  logarithm 
of  that  power.  Thus  if  2,  (the  logarithm  100)  be  multiplied  by 
o,  the  product  will  be  S,  equal  to  the  logarithm  of  1000000,  or 
the  3d  power  of  100. 

Again,  if  the  logarithm  of  any  number  be  divided  by  the  in- 
dex of  its  root,  the  quotient  will  be  the  logarithm  of  its  root. 

Thus,  the  index,   or  logarithm   of    1000000,  is  6,  and  if  this 
number  be  divided  by  3,  the    quotient  will  be    2,    which  is  the> 
logarithm  of  100,  or  the  cube  root  of  1000000. 
In  the  following  series,  to  wit. 
104  10?         10*         101      0°    1C-1       10-*      10-3  10-* 

10000         1000         100         10         1         10         100         1000         1000O 
Whose  Logarithms  are 
4         3  2  10—1  —2         —3         —4       &c. 

It  will  be  seen,  that  the  logarithms  of  all  the  numbers  be- 
tween 1  and  10,  are  greater  than  0,  but  less  than  1  ;  since  by  the 
series,  it  may  be  seen,  that  the  logarithms  of  1  and  of  10,  are  0y 
and  1. 

Thus  the  logarithm 

of     2  is  0.     3010309 

of     5    =  0.     6985700 

of     7=  0.      8450980 

Each  number  therefore  between  1  and  10,  has  0  for  its  index> 

with  a  decimal  annexed. 

For  the  same  reason,  if  the  given  number  be 

between  ~]   the  log.     (~  1  and  2  1  -j-  the  decimal  part 

10  and  100         {     ...  .  ]  _        .  „   .  „  . 

100  and  1000     f*Wl11  be     <  2  and  °  L  e'  2  +  the  decimal  &n 

1000  Sc  10000J  between     ^3  and  4  3  +  the  decimal  part 

Thus  the  logarithm  of  the  natural  number 

of       35  is  1.    5440680 

of     175  is  2.     243H380 

of  8795  is  3.     9442358 

Whence   we   derive    this  general   truth.     The  index  of  the 

logarithm,  is  always    1  less  than  the  number  of  integral  figures 

in  the  natural  number,  whose  logarithm  is  required  ;  or  the  in- 
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xlex  shows  how  many  figures  ft>  the  left,  the  natural  number  ex- 
tends from  the  place  of  units. 

Thus  the  logarithm  of  35,  is  I.  5440680.  Here  the  number 
of  figures  being  two,  the  index  or  characteristick  of  the  log- 
arithm is  1. 

The  logarithm  of  175  is  2  2430580.  Here  the  number  175 
consists  of  three  figures,  the  first  of  which  on  the  left  hand  is 
second  from  the  place  of  units  ;  the  index,  or  characteristick 
^i  the  logarithm  is  therefore  2,  and  the  logarithm  8795  is  3. 
9442353.  Which  extending  to  three  places  counted  from  the 
Unite  figure,  must  have  3  for  the  index  of  its  logarithm. 

Integral  numbers  are  said  to  form  a  geometrical  series,  in- 
creasing from  unity  towards  the  left;  but  decimals  are  supposed 
to  form  a  like  series,  decreasing  from  unity  towards  the  right; 
the  indices  of  whose  logarithms  are  negative  as  has  been  shown 
in  the  preceeding  examples. 

Whence  it  follows,  that  all  numbers  which  consist  of  the  same 
figures,  whether  integral,  or  fractional,  or  mixed,  will  have  the 
decimal  parts  of  tneir  logarithms//^  same,  differing  only  in  the 
index,  which  will  be  more,  or  less,  and  jiosiiive,  or  negative, 
according  as  the  first  figure  of  the  number  is  removed  to  the 
right,  or  left,  from  the  place  of  units. 

Thus  the  logarithm  of  7359  is  3.  8668188  ;  and  the  logarithm 
of  Tg-  or  x£-5  or  t~f  8c c.  part  of  it,  will  be  as  follows. 


Numbers. 

Logarithms. 

7359 

3.  8668188 

735.9 

2.  8668188 

73.59 

1.  8668188 

7.359 

0.  8668188 

.7359 

—  1.  8668188 

.07359 

—  2.  8668188 

.007359 

—  3.  8668188 

Thus  it  appears  that  the  negative  index  of  a  logarithm,  shows 
"low  far  the  first  significant  figure  of  the  natural  number,  is  re- 
moved from  the  place  of  units  on  the  right,  in  the  same  manner, 
*ts  a  positive  index  shows  how  far  the  first  figure  of  the  natural 
-jumber,  is  removed  from  the  place  of  units  on  the  left.  But 
when  the  index  of  the  logarithm  rs  negative,  it  is  often  more  con- 
venient to  make  it  positive  :  and  this  is  done  by  adding  10  to 
the  negative  index. 

Thus,  instead  of  •—  1.  866S188")  ("9.8668188 

of  —  2.  8668188  I write <  8.  8668188 
of  —  3.  8668188  J  ^7.  8668188 

Because —  l  +  10  =  9,  and  —  2  4.  10  =  8,  and  —  3  4-  10  =  T. 
Although  this  in  truth,  makes  the  index  10  too  great ;  yet  by  a  lit- 
tle caution,  it  will  produce  no  eviour  in  the  result : — observing 
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always,  that  when  thesum,  or  product  of  the  indices  so  increased* 

cxceeds'10,   10  must  be  rejected. 
Thus  the  sum  of 
—  2.   8668188>    ,  ,     C8.  8668188 

-3.   8668188$   becom^  7,   8668188 


*  mmm  4.  7336376  6.  7336276 

For—  4  -j-   10  =  6 
And  the  product  of —  3.   8668188")  (~7.  8668183 


Multiplied  by  2 


-H 


5. 
For  —  5  -~  10  = 


« 

7336376J  ^5.  7336376 


CONSTRUCTION  OF  LOGARITHMS, 

The  usual  method  of  computing  the  logarithms  to  any  of  the 
natural  numbers,  1.  2.  3.  4.  5.  Sec.  is,  I  believe,  as  follows. 

RULE.f 

1.  Take  any  two  numbers  whose  difference  is  unity,  or  13 
and  let  the  logarithm  to  the  lesser  number  be  known. 

2.  Divide  the  constant  decimal,  868588964,  Sec.  (or,  Z~ —  2, 
*3025,  8cc.)  by  the  sum  of  the  two  numbers,  and  reserve  the  quo- 
tient ;  divide  the  several  quotients  by  the  square  of  the  sum  of 
the  two  numbers,  and  reserve  the  quotient  ;  divide  this  las': 
quotient  als®,  by  the  square  of  their  sum,  and  again  reserve  the, 
quotient  ;  and  thus  proceed,  continually  dividing  the  last  quo- 
tient, by  the  square  of  the  sum  of  the  two  numbers,  aslong  as  divi* 
sion  can  be  made. 

3.  Then  wiite  these  quotients  in  their  order,  under  one  anoth- 
er,  the  1st  uppermost  ;  and  divide  them  respectively  by  the 
prime,  or  odd  numbers,  1.  3.  5.  7.  9.  11.   13.  &c.  as  long  as  di- 


*The  decimal  parts  of  these  logarithms  are  added  as  in  sim- 
ple numbers  ;  but  when  you  come  to  the  left  hand  figure  of 
each  decimal,  there  is  -J-  1  to  carry  to  —  3,  which  equals  — 2, 
and  this  added  to  the  —  2  above  it,  gives  —  4  for  the  sum  c£ 
the  indices.. 

t  Yet  there  are  many  other  ingenious  methods  of  finding  the 
logarithms  of  numbers,  (see  Introduction  to  Dr.  Huttons  Tables, 
and  Baron  Masores  Scriptores,  Logarithmici,  also,  Kiel,  on 
Logarithms,  Briggs  Logarithms,  Gardners,  Taylors,  Callets, 
a*d  Sherwins,  Mathematical  Tables, 
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vision  can  be  made,  that  is,  divide  the  first  reserved  quotient  by 
1,  the  second  by  3,  the  third  by  5,  the  fourth  by  7,  and  so  on. 

4.  Add  all  these  last  quotients  together,  and  the  sum  will  be 
the  logarithm  of  the  greater  number  divided  by  the  less  ;  there- 
fore to  tl)is  logarithm,  add  also  the  logarithm  of  the  lesser  num- 
ber, and  their  sum  will  be  the  logarithm  to  the  greater,  or  pro- 
posed number. 

EXAMPLES. 

Example  1st.  Let  it  be  required  to  compute  the  logarithm 
©f  the  number  2. 

Here  the  given,  or  greater  number  is  2,  and  the  next  less 
number  is  1,  (whose  Logarithm,  in  every  System,  is  always  0) 
also  the  sum  of  2  and  1  is  3.  and  its  square  9  ;  as  follows. 


S) 

868588964 

i) 

289529654( 

289529654 

9) 

289529654 

3) 

32169962( 

10723321 

9) 

32169962 

5) 

3574440( 

714888 

9) 

3574440 

7) 

397160( 

56737 

9) 

397160 

9) 

44129( 

4903 

9) 

44129 

") 

4903( 

446 

9) 

4903 

13) 

545( 

42 

9) 

9) 

545 
6  1 

15) 

61( 

4 

01 

Log. 

of  2—  1. 

.301029995 

Add. 
True 

log.  of  1 
Log.  of  2. 

.000000000 

.301029995 

ExAyiPLE  2d. 
Let  it  be  required  to  compute  the  logarithm  of  3 
Here  the  given  number  is  3,  and  the  next  less  is  2,  whose 
logarithm  by  the  first  example  is  .301029995,  and  the  sum  also, 
of  the  2  numbers  3  -j-  2  =  5  the  square  of  which  is  25,  then  the 
operation  is  as  follows. 


e) 

25) 
25) 
25) 
25) 
25) 
25) 


868588963 

173717793 

6948712 

277948 

11118 

445 

18 


0 

3) 

9) 


173717793( 

6948712( 

277948( 

11118( 

445( 

18{ 


Log.  of  3  ~-  2 
Add  Lop-,  of  2 


173717795 

2316237 

55590 

1528 

50 

2 


.176091260 
301029995 


True  log  of  3  required.       47712:255* 

4..i-*i..t.M"<"t"M"<"<i4"4--<--4~*»4-'*"<»*--\"*"4"4-r4"*-<>4-'*-4-<-<  •4"4"4--4"4"4-.4-i4'»4->4"4"4"'«"4"4'-4"4"4»-4"4». 

*  See  '<■  Mr.  Hutton's  practical  rule  for  the  construction  of 
Logarithms.'* 
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Then,  because  the  sum  of  the  Logarithms  of  numbers  gives 
ihe  logarithm  of  their  product,  and  the  difference  of  the  loga- 
arithms gives  the  logarithm  of  the  quotient  of  the  numbers  ;  from 
the  above  two  logarithms,  and  the  logarithm  of  10,  which  is  1, 
we  may  raise  a  great  many  logarithms,  as  in  the  following  ex- 
amples. 

Example  3d.  Example  4th. 

Because  2X2  =  4,  therefore  t Because  2X3=6,     therefore 
To  Logarithm  of  2  .301029995  |To  logarithm  of  2     .301029995 

Add  Log.  of  2       .301029995*     Add  log.  of  3  .477*121255 

ThesumisLog.of4  .602059990?  The  sum  is  Log.  of  6  .778151250 

Example  5th.  Example  6th. 

Because  2X4=8,  therefore   |  Because  10  ~  2  =  5,  therefore' 
To  logarithm  of  2     .30 1029995 1 From  log.  of  10        1.000000000 
Add  log.  of  4  .60205999t|Take  log.  of  2  .301029995 

Gives  the  log  of  8,    .903089985 1 Remains  log.  of  5      .698970005 

Example  7th.  Example  8th. 

Because  5  X  8  =  40,  therefore  ^Because  8  X  40  =  320  therefore 
To  logarithm  of  8      .903089985 1  To  Logarithm  40    1  60205999© 
Add  log.  of  5  .698970005!      Add  log.  of  8  .903089985 


Logarithm  of  40       1.602059990f  Logarithm  of  320    2  505149975 

And  thus  computing  by  this  general  Rule,  the  Logarithms  to 
the  prime  numbers,  2.  3.  7.  11.  13.  17.  19.  23.  29.  31.  37.  41. 
43.47.  Sec.  and  then  by  using  composition  and  division,  we  may 
easily  find  as  many  logaiithms  as  we  please,  or  examine  any  log- 
arithm in  the  table. 


ANOTHER  METHOD  of  COMPUTING  LOGARITHMS. 

The  construction  of  Logarithm  according  to  the  proceeding; 
rules,  given  by  the  repeated  extraction  of  Roots,  is  tedious  ;  the 
simplest  method  yet  known  is  the  following. 

*  To  make  a  Table  of  Logarithms. 
1.  Write  for  the  logarithm  of    I,  a  cypher  for  the  index,  and 
as  many  cyphers  for  the  decimal  part  of  the  logarithm  as  you 


*  See  "Mr.   Briggs  differential  method  of  constructing  leg;-' 
arithms," 
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would  wish    the  logarithms  to  be  extended :  for  the  logar'n 
of  10,  write  an  unit,  with  the  same  number  of  cyphers ;  for  the 
logarithm  of  100,  put  2,  with  as  many  cyphers;  for  1000,  put  3 
for  the  index,  with  as  many  cyphers;  for   10000,  put   4  for  the 
index;  Sec. 

2.  Find  the  difference  between  some  two  logarithms  above 
1000,  or  rather  10000,  that  differ  by  unity  ;  multiply  the  two 
numbers  together,  and  that  product  by  the  constant  decimal 
43429448190325185396  he. 

3.  Divide  the  last  product  by  the  Arithmetical  mean  between 
the  two  numbers,  and  the  quotient  will  be  the  logarithm  of  the 
difference  of  the  two  numbers. 

Thus ;  Let  it  be  required  to  find  the  difference  between  the 
logarithm  of  10000,  and  1000 1.  The  product  of  these  two 
numbers  is  i 000 10000,  which  multiplied  by  4343,  Sec.  gives 
43434343,  which  divided  by  100OO.5,  the  Arithmetical  mean 
between  the  two  numbers,  gives  4543.  Now  if  to  the  logarithm  of 
1000  which  is  4.0000000,4343  be  added,  we  shall  have  4.0000434, 
the  true  logarithm  of  1000  to  7  places. 

Having  thus  found  the  difference  of  the  logarithms  of  any 
two  numbers  differing  by  unity,  or  1,  and  consequently,  some  of 
the  logarithms,  by  dividing  the  difference  found  by  the  Arith- 
metical mean  of  any  two  numbers  differing  by  1,  we  shall  have 
the  difference  of  their  logarithms. 

Thus;  to  find  the  difference  between  the  logarithm  of  274, 
and  275,  divide  4543,  the  difference  of  the  logarithm  of  10000, 
and  10001,  by  274.5  the  quotient  will  be  1582,  the  difference 
required,  which  added  to  2.  4377506  the  logarithm  of  274,  gives 
2.  4393327  for  the  true  logarithm  of  275. 

5.  Having  by  this  Means  found  a  few  of  the  prime  logarithms, 
the  rest  are  made  by  Addition  and  Subtraction  ;  and  having 
made  the  canon  upward,  above  1000  to  10000,  by  consequence 
it  is  made  for  all  inferior  numbers. 

Directions  tor  taking  Logarithms  nnb  their  numbers 
from  the  Table. 

To  find  the  Logarithm  of  any  number  consisting  of  4  figures. 

Look  for  the  number  whose  logarithm  is  required  in  the  col- 
Umn  of  numbers,  and  against  this  number,  its  logarithm  will  be 
found. 

Thus  ;  the  logarithm  of  1234,  is  3,0913151,  so  that  any  num- 
ber  andei"  1000C,  may  be  easily  found  by  inspection. 

But  ;{    the    number    is  greater  than     10,000,    but  less    than 

.  eo,ooc 

Cut  figures  on  the  left  of  the  given  number,  and  seek 

the  logarithm  in  the  table  ;  add  as  many  units  to  the  index,  as 
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there  are  figures  remaining-  on  the  right  :  subtract  the  logar- 
ithm found,  from  the  next  following  it  in  the  table  : — then  as  the 
difference  of  numbers  in  the  Canon,  is  to  the  tabular  distance  of 
the  logarithms  answering  to  them,  so  are  the  remaining  figures 
of  the  given  number  to  the  logarithmick  difference:  which  if 
it  be  added  to  the  logarithm  before  found,  the  sum  will  be  the 
logarithm  required.  Thus,  let  the  logarithm  of  the  number 
92375  be  required.  Cut  off  the  four  figures  9237,  and  to  the 
index  of  the  logarithm  corresponding  to  them,  add  one  unit,  be- 
cause one  figure  is  cut  oft*  on  the  right. 

Then  from  the  logarithm  of  the  next  greater, 

number     9238,  ~  3.9655780 

Subtract  the  logarithm  of  the 

required  number  9237  =  39655309 


10  471 

*Thenas  10  :  471   :  :  5  :  235 

Now  to  the  log.  of  4.9655309 

Add  235     the  difference  found, 


And  the  sum  is  the  log.  4.9655544  required. 

Or  more  briefly  ;  find  the  logarithm  of  the  first  four  figure 
as  before  ;  then  multiply  the  common  difference  which  stands 
against  it,  by  the  remaining  figures  of  the  given  number,  from 
the  product  cut  oft*  as  many  figures  at  tke  right  hand,  as  you 
multiplied  by,  and  add  the  remainder  to  the  logarithm  before 
found,  fitting  it  with  a  proper  index. 

Thus,  471  X  5  =  2355,  cut  off  5,  and  add  235. 

To  find  the  Logarithm  of  a  dicimal  fraction. 
The  logarithm  of  a  dicimal,  is    the   same  as  that  of  a  whole 
number  excepting  the  index. 

Takeout  then,  the  logarithm  of  a  whole  number  consisting 
of  the  same  figures,  observing  to  make  the  negative  index 
equal  to  the  distance-.of  the  first  significant  figure  of  the  fraction, 
from  the  place  of  units. 

The  log.  of     0.07643        is-— 2.   8832639  f  or  8.   8832639 
of     0.00159  — 3.   4132998  i    or  7.   4132998 

of     0.0006278       — 4.  7978213/    or   6.  79782  13 


To  find  the  logarithm  of  a  mixed  dicimal  number. 
Find  the  logarithm,  in  the  same   manner    as  if  all  the  figures 


*If  one  figure  is  cut  off,  say  as  10  is  to  the  diff.  cf  Log.  if 
two  figures  arc  cutoff,  as  100  is  to  the  diff.  if  three,  as  LQ0% 
&c. 
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**ere  integers  ;  and  then  prefix  the  index  which  belongs  to  the 
integral  part. 

Thus,  the  logarithm  of  39.68     is      1.5985717 
Here    the  index  is  one,  becouse    1  is  the  index  of  the  loga- 
Tithm  of  every  number  greater  than  10,  and  less  than  100. 

1  o  find  the   logarithm    of  a    vulgar  fraction. 
Subtract  the  logarithm  of  the  denomenator  from    that    of  the 
numerator.     The  difference   will  be  the    logarithm  ofthefrac- 
tion. 

To  find  the  logarithm  of  |^ 

Logarithm  of     37        1.5682017 
Logarithm  of     94        I:  9731279 

Diff.  Log.  of     |4—  1.  5^5073% 
where  the  index  1  is  negative. 

To  find  in  the  Table  the  natural  number  to  any  logarithm. 

This  is  to  be  done  by  the  reverse  method  to  the  former,  viz. 
hy  searching  for  the  proposed  logarithm  among  those  in  the 
Table,  and  taking  out  the  corresponding  number  by  inspection* 
in  which  the  proper  number  of  integers  is  to  be  pointed  off,  viz. 
1  more  than  the  units  of  the  affirmative  index. 

To  find  the  number  correspomiingto  a  logarithm  greater  than 
any  in  the  Table.  First,  from  the  given  logarithm  subtract  the 
Jogarithmof  10,  of  100,  or  1000,  or  10,000,  till  you  have  a  loga- 
rithm that  will  come  within  the  compass  of  the  table,  find  the 
number  corresponding  to  this  and  multiply  it  by  10,  or  100,  or 
1000,  or  10,000,  the  product  is  the  number  required.  Suppose 
for  instance  the  number  corresponding  to  the  logarithm 
7.  7589875  be  required  ;  subtract  the  logarithm  of  the  number 
10.000  which,  is  4.0000000  from  7.7589875,  there  remains 
3  7589875,  the  number  corresponding  to  which  is  5741,  this 
multiplied  by  10,000  gives  the  number  answering  to  the  given 
logarithm. 


METHOD   OF  CALCULATING  BY  LOGARITHMS, 

MULTIPLICATION. 

RULE. 

Take  out  the  logarithms  of  the  factors  from  the  table, 
add  them  together  and  their  sum  will  be  the  logarithm  of  the 
product  required.  Then  by  means  of  tke  Table  take  out  the 
natural  number  answering  to  thc&umfor  the  product  saught* 
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EXAMPLES. 


t  Multiply  45  by  27 

Numbers.  Logarithms. 
45  1.'  6532125 

27  1.  4313638 

product.  1215  3.0845763 

-3.  Multiply. 

Numbers.     Logarithms. 
23.14  1.  3643634 

75.99  1     8807564 

Ans.  1758.4086  3.   245119S      Ans.13.69  1.    1364034 

5.  Multiply  3.586,  2.1046,  0.8372,  0.0294,  all  together. 
Numbers.  Logarithms. 

3  586  O.    5546103 

2.1046  0.  3231696     Here  the  2  to  be  carried  cati- 

0.8372  —  1     9228292     eels  the    —  2  and    there    re-? 

0.0294  — 2.4683473     mains  the  —  1  to  be  set  down. 


2.   Multiply  709  by  13 
Numbers.  Logarithms. 
709  2.  8506462 

13  1.    1139434 

Ans.         9217  3.  964589G 


Multiply  3.7     by   3.  7 
Numbers.  Logarithms. 
3.7  0-'  5682017 

3.7  0.    5682017 


0  1857618        *—  1.   2689564. 


6.  What  cost  87  pounds  of  grean  tea,  at  g  2   12  cts.  pr.  lb.*? 
Numbers.  Logarithms 

212  0.   3263359 

87  1     9395193 


Ans.     g  184.   44  2     2658552 

7.  What  cost  160  bushels  oats,  at  50  cts.  pr.  bushel  ?  Ans.  g  8© 

3.  What  cost.  250  bushels  of  wheat,  at  g  1   60  pr.  bushel  ? 

Ans.   g40<T 
0.  What  cost  1260  lb.  rice,  at  5  cts.  pr.  lb,  ?  Ans.  g  6S 


DIVISION  BY  LOGARITHMS. 
ItULti. 

From  the  logarithm  of  the  dividend,  subtract  the  logarithm  of 
the  divisor,  and  the  number  answering  to  the  remainder  Will  be 
the  quotient  required. 


*  Note.  In  every  operation  what  is  carried  from  the  dicimal 
part  of  the  logarithm,  to  its  index,  is  affirmative,  and  is  therefore 
to  be  added  to  the  index  when  it  is  affirmative,  but  subtracted 
when  it  is  negative. 
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EXAMPLES. 


J.       Divide   15811  by   163 
Numbers.     Logarithms. 
Dividend    15811        4.    1989593 
Divisor  163        2.  2121876 


2.      Divide   163  by  8.1fr 
Numbers.  Logarithm. 
Dividend  163  2.  2121876 

Divisor        8.18       0.  9127533. 


Ans. 


7        1.   9867717  |  quotient  19.926        1.  2994345 


3.  Divide  100000  by   100 

Number.  Logarithms. 
Dividend   100000     5.  0000000 
Divisor  100     2.  0000000 


quotient 


1000 


0000000 


4.  Divide  1000000  by    1000 

Number.  Logarithms. 
Divid.  1000000  6.  000000* 
Divisor         1000       3.  0000000 


quotient 


1000 


0000000 


5.  A  ship  took  a  prize  worth  S  3960,  it  is  required  to  divide  it 
equally  among  the  sailors,  who  arc  264  in  number. 

What  did  each  man  share  i«  the  prize  ?  Ans.      &  15 

If  125  lb.  of  sugar  cost  g  26.  25cts.  what  is  that  pr.lb.? 

Ans,        21  cts. 


PROPORTION  BY  LOGARITHMS, 


RULE. 

If  the  proportion  be  direct,  add  the  logarithms  of  the  second 
and  third  terms,  and  from  the  sum  subtract  the  logarithm  of  the 
iirst  term.  The  remainder  will  be  the  logarithm  of  the  term 
required. 

If  the  proportion  be  inrerse,  add  the  logarithms  of  the  first 
and  second  terms,  and  from  the  sum  subtract  the  logarithm  of 
the  third.  The  remainder  will  be  the  logarithm  to  the  required 
term. 

EXAMPLES. 

Find  a  fourth  proportional  to  7964,  378,  and  27960. 
Numbers.  Logarithms. 

Second    term       378  2.5774918- 

Third  term      27960  4.4465372 


First  term  7964 

Fourth  term       1327 


7.0240290 
39011313 

S. 1228977 
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Find  a  fourth  proportional  to  768,  381,  and  9780. 
Numbers.  Logarithms, 

Second  term         381  2.5809250 

Third  term         978©  3.9903389 


0.5712639 
First  term  768  2,8853612 


Fourth  term        4852  3.685902' 


•ARITHMETICAL  COMPLEMENT. 

The  difference  between  a  given  number,  and  10,  or  100,  or 
1000,  Sec.  is  called  the  Arithmetical  Complement  of  that 
number.  • 

To  obtain  the  Arithmetical  Complement  of  a  number, 
subtract  the  right  hand  significant  figure  from  10,  and  each  of 
the  other  figures  from  9. 

N.  B.  In  taking  the  Arithmetical  Complement  of  a  logarithm, 
if  the  index  is  negative,  it  must  be  added  to  9  ;  for  adding  a  nega- 
tive quantity,  is  the  same  as  subtracting  a  positive  one.  The 
difference  between  —  4  and  -f  8,  is  not  4,  but  12. 

THE   ARITHMETICAL  COMPLEMENT. 

of  5.  2473621  is  4.  7526379 

of   1.  9864362  is  8.  0135638 

of  0.6462310  is  9.  3547689 

of-2.  7064923  isl  1.  2935076 

hi   the  following  firofiortion,  the  calculation    is  made   in  both 

ways. 
1.  If  the  profit  on  g  2625  employed  in  trade,  is  g  525,  what  is 
the  profit  on  g  7875  ? 


*  Note.  The  principal  use  of  the  Arithmetical  Complement, 
is,  in  working  proportions  by  Logarithms  j  for  by  this  they  may 
be  performed  by  merely  adding  together  the  several  terms  of  the 
proportion. 
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By  the  common  method. 
Second  term      525     2.7201593 
Third  term      7875     3.8962506 


By  the  Antli'I. Complement, 
Second  term  525  2.7201593- 
Third  term      7875   3.8962506 


6.6164099     First  term,     a.  c.      6.5808707 
First  term        2625     3.419129: 

Fourth  term     1575  3.1972806 


Fourth  term  gl575     3.1972806 

2.  If  g  567  gain  £81,  what  will  be  the  gain  on  g  1T01  ? 

As  567  stock  a.  c.  7.2464169 

Is  to  81  profit  1  9084850 

So  is  1701  stock  3.2307043 

To  243  profit  2.3856062 

3.  If  the  interest  on  §  450  for  one  year,  is  g  27,  what  will  be 
the  interest  on  g  1 150  for  the  same  time.  Ans.  g  69  ? 

4.  When  a  pipe  of  wine  costs  g  252,  what  is  the  value  of  17-J 
gallons  I  Ans.  g  35  ? 

5.  Bought  721  yards  broad  do'  h,  at  the  rate  of  g  65  for  everf 
13  yards,  what  did  the  whole  come  to  ?  Ans.   g  3605  i 


VULGAR  FRACTIONS. 

A  vulgar  fraction  is  any  assignable  part  of  a  unit  or  integer^' 
expressed  by  two  numbers,  placed  one  above  the  other  with  a 
line  drawn  between  them,  as  J  one  fourth-  -J  two  thirds,  Sec. 

The  number  above  the  line  is  called  the  numerator,  and  that 
below  the  line,  the  denominator. 

A  fraction  is  said  to  be  in  its  lowest  trrms,  when  it  is  ex- 
pressed by  the  least  numbers  possible,  as  -f  ivhen  reduced  to  its 
lowest  terms  will  be  \  ;  and  ^T  is  equal   lu  ^  kc. 

CA^E  I. 

To  reduce  fractions  to  their  lowest  terms. 

RULE. 

Divide  both  the  numerator  und  denominator,  by  any  number 
which  will  divide  them  without  a  remainder,  and  the  quotients 
again  in  the  same  manner,  till  it  appears  that  there  is  no  number 
greater  than  1,  which  will  divide  them  again. 

EXAMPLES. 

1.  Reduce  £-|f  to  its  lowest  terms.  Ans.     | 

2.  Reduce   -gJY  t(d  us  lowest  terms,  Ans.     -f 

3.  Reduce  ||     to  its  lowest  terms.  Ans..    % 


ARITHMETIC}:. 

4.  Reduce     fjf    to  its  lowest  terms.  Ans.    •% 

5.  Reduce     j$f£     to  its  lowest  terms.  Ans.     -? 
Abbreviate    ^V/oiVo  as  ™uch  as  possible.  Ans.  jtffflfi 


CASE  II. 

To  reduce  the   value  of  a  fraction  to  the   known  parts  of  an 
integer. 

RULE. 
Multiply  the  numerator  by  the   common  parts  of  the  integer 
and  divide  by  the  denominator. 

examples. 
1.  What  is  the  value  of  §  of  a  pound  sterling  I 
2 
20     shillings  in  a  pound, 

Denominator     3)4C(l3s.4d.  Ans. 


10 

9 

1 

12     pence  in  a  shilling. 

I)12(4d. 
12 


2.  What  is  the  value  of  £  pound  sterling  ? 

Ans.  £0  15s.  0 

3.  Reduce  %  of  an  hundred  weight  to  its  proper  quantity. 

Ans.  3qrs.  31b.    loz.    12£di\ 

4.  Reduce  f  of  lb.  troy  to  its  proper  quantity. 

Ans.  7oz.  4pwt. 

5.  Reduce  J  of  a  mile  to  its  proper  quantity. 

Ans.  6  fur.    16  po. 

6.  Reduce  f  of  a  month  to  its  proper  quantity. 

Ans.  2  wks.  2d.   19  h.    12  m. 
CASE  III. 
To  reduce  a  fraction  of  one  denomination  to  that  of  another, 
but  greater,  retaining  the  same  value. 

RULE. 
Reduce  the  given  quantity  to  the  lowest  term  mentioned,  for 
a  numerator  ;  then  reduce    the  integral  part  to  the  same  term, 
for  a  denominator  ;  which  will  form  the  fraction  required. 
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EXAMPLES. 

1.  Reduce  15s.  8d.  2  qrs.  to  the  fraction  of  a  pound,. 

20     Integral  part.  15.  8  2     given  sum. 

12  12 

240  188 

4  4 

9  60     Denominator.         754     Num.     Jff  —  ili£- 

2.  What  part  of  a  pound  sterling  is  13s.  4u.  ?  Ans.  § 

3.  Vv  hat  part  of  a  hundred  weight  is  3  qrs.  14lb.  ?    Ans.  { 
4    What  part  of  a  yard  is  2  qrs.  1  nail  ?  Ans.  -fa 

5.  What  part  of  a  common  year  is  3  weeks,  and  4  days  \ 

Ans.  A 

6.  What  part  of  a  mile  is  6  fur.  26  po.  3  yds.  2  ft.  ? 
fur.  fio.  yd.  ft.  feet. 

6     26     3     2  =       4400     Num. 

a  mile   =       5280     Denom.  ||£§   =  & 

7.  What  part  of  a  hnd.  of  wine  is  54  gallons  ?  Ans.    £ 

8.  What  part  of  a  day  is  16  h.  36  miu.  55-^  sec.     Ans.  T% 

9.  What  part  of  a  shilling  is  4£d.  ?  Ans.  £ 

10.  What  part  of  an  acre  is  3  roods,  and  20  rods  ?     Ans.  j 

1 1.  What  part  of  a  pound  troy  is  10  oz.   11  pwt.   16  grs  ? 

12.  What  part  of  a  cord  is  1 1 6T*T  feet  ?  Ans.  jf- 


DECIMAL  FRACTIONS. 

A  Decimal  Fraction  is  that  whose  denominator  is  an  unit, 
with  a  cyper,  or  cyphers  annexed  to  it,  thus /^  T|„  y/^o  &c- 
8cci 

As  the  integer  is  always  divided  either  into  10,  100,  10C0  Sec. 
equal  parts  ;  consequently  the  denominator  will  always  be 
either  10,  100,  1000,  10,000,  Sec.  which  being  implied,  need  not 
be  expressed  ;  for  the  true  value  of  a  Decimal  Fraction  is  prop- 
erly expressed  by  writing  the  numerator,  only  with  a  point  be- 
fore it  en  the  left. 

r  h    i  r  -5 

'5 


Thus,  instead  of<!     -pTy      L       write      <    .' 

i    T<y&    j  (.    -837   fee. 

But  if  the  denominator  has  net  so  many  places  as  the  denomi- 
nator has  cyphers,  prefix  so  many  cyphers  on  the  left  as  will 
make  up  the  deficiencv. 
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r  ih    i  f  ** 

Thus,  for        -J    r^      }.       write      ■<     00 1 

C     Toko     J  I     -00- 


.006 

.0007  Sec. 
Decimals  are  reckoned  from  the  left  hand  towards  the  right, 
and  the  value  of  each  figure  is  determined  by  its  distance  from 
the  place  of  units  ,  if  it  be  in  the  first  place  after  unit,s  (or  sep- 
crating  point)  it  signifies  tenth's  ;  if  in  the  second,  hundreth's 
See. decreasing  towards  the  right  in  a  tend  fold  proportion,  as  in 
the  following 

TABLE. 


2  g.2. 

CO      —                         ^ 

-1   isxr  5 

crt     « 

3    O-.^    —    s- 

-3  ~o 

5    G     ~ 

g&f-'S'l  & 

1  a-8  • 

cu  -G  ~C    co    co    — 

&  $  s  c  y. 

cw*5  c  ^  s  -U 

s  o  2  55  " 
-2  £  fi  S  * 

m 

CO 

—  t*  ^   o    ~ 

■ti 

c  1  a  H  H  2 

•J2    .    * J3  a 

£ 

c 

<u    C3  js      .      ,  -^ 

r^OXJHKH^ 

HEHXo^i 

7   6   5    4   3 

2 

1 

2    3   4    5    6   7 

"'- 

; 

\ t ' i 

V 

V 

Whole  Nuvibtrs. 

Decimals. 

.  Cyphers  placed  at  the  right  hand  of  a  decimal  fraction  do  not 
alter  its  value,  since  every  significant  figure  continues  to  pos- 
sess the  same  place  ;  so,  5,  50,  500,  5000,  arc  all  of  the  same 
value,  and  each  equal  to  T5f  or  \. 

But  cyphers  placed  at  the  left  hand  of  decimals,  decrease 
their  value  in  a  ten  fold  proportion,  by  removing  them  farther 
from  the  decimal  point.  Thus,  .5  .05  .005  .0005  Sec.  are 
5  tenth,  5  hundredth,  5  thousandth  paats,  &c.  respectively 

ADDITION  OF  DECIMALS. 

RULE. 

1.  Place  the  numbers,  whether  mixed,  or  pure  decimals, 
under  each  other,  according  to  their  local  value. 

2.  Find  their  sum  as  in  whole  numbers,  and  point  off  so  many 
places  for  decimals,  as  are  equal  to  the  greatest  number  of  de- 
cimal parts  in  any  of  the  given  numbers. 

Note.  The  point  prefixed  is  called  the  Seperatrix,  from- 
k& separating  the  Integral  from  the  Decimal  part, 
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EXAMPLES. 

1.  What  is  the  sum  of  276,  39.213,  72014.9,  417,    5032   and 
"214.298  ? 

276. 
39.21: 
72014.9 
417. 
5032. 
2214.298 


Ans-.      79993.411 


Hence  we  may  observe  that  the  Denominations  of  Federal 
Money,  as  determined  by  an  Act  of  Congress  Aug.  8,  1786, arc 
in  a  decimal  ratio,  and  subject  to  one,  and  the  same  law  of  nota- 
tion, and  consequently  of  operation. 

For  since  a  dollar  is  the  integer  or  unit  ,  and  a  dime  being 
the  tenth,  and  a  cent  the  hundredth,  and  a  mill  the  thousandth 
part  of  a  dollar,  it  is  evident  that  any  number  of  dollars,  climes, 
cents,  and  mills,  is  simply  the  expression  of  dollars,  and  deoi- 
mal  parts  ol  a  dollar  :  Thus,  15  dolls.  8  dimes,  3  cents,  5  mills 
is  expres  ed  in  decimals.  15,835,  or  15.T\\5^ 

2.  What  is  the  sum  of  the  following  expressions  of  money, 
viz.  g7530,  g  16.201,  g  3.0142,  g  957.13,  g  6.72819,  g  .03014  ? 

Ans.  g  8513.10353 

3.  Required  the  sum  of  .014,  .9816,  .32,  .15914,  .72913,  and 
.0047,  Ans.   2.20857 

4.  What  is  the  sum  total  of  27.148,  918.73,  14016,  294304, 
:7138,  and  221.7  ?  Ans.   309488.2918 

5.  Required  the  sum  of  312.984,  21.3918,  2700.42,  3.1  «5, 
27.2,  and  581.06,  Ans.  3646.208-8^ 


SUBTRACTION  OF  DECIMALS., 

RULE. 

1.  Set  the  less  number  under  the  greater  in  the  same  manner 
as  in  addition. 

2.  Then  subtract  as  in  whole  numbers,  and  place  the  dc 
point  in  the  remainder  directly  under  the  other  points. 
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EXAMPLES. 

0)  (2) 

Dollars.  Feet. 

From     21.481  From     125.64 

Take        4.90142  Take       95.5  3756 


Rem        16.57958  Rem.        30.05244 

3.  From  270.2     subtract  75,4075  Ans.    194.7925 

4.  From  2.73       subtract     1.9185  Ans.       0.8115 

5.  From     .9173  subtract       .2138  Ans.         .7035 

6.  From  407,       subtract  91.713  Ans.     315.287 

7.  From  800.135   subtract  16.37  Ans.     783.765 

8.  What  number  added  to  9.999999  will  make  10  ? 

Ans.  One  millionth  part  of  an  unit. 


MULTIPLICATION  OF  DECIMALS. 

RULE. 

. .  Set  down  the  factors  under  each  other,  and  multiply  them 
as  in  whole  numbers. 

2.  And  from  the  product,  on  the  right,  point  as  many  figures 
for  decimals,  as  there  are  decimal  places  in  both  the  factors. 
But  if  there  be  not  so  many  figures  in  the  product  as  there 
ought  to  be  decimals,  prefix  the  proper  number  of  cyphers  to 
supply  the  defect. 

EXAMPLES. 

1.  Multiply  91.78  2.  Multiply  520.3 

by        .381  by  .417 


product  34.96818  product  216.9651 

!.   Multiply  .217  by  .0431  Ans.  .0093527 

4.  Multiply  51.6  by  21  Ans.  1083.6 

5.  Multiply  .051  by  .0091  Ans.  0004641 

6.  What  will    6.21    yards  of  cloth  amount  to,  at  2  dollars  3v 
cents  5  mills  pr.  yard  ?  Ans.  2.325  X  6.21   =  £36.9954 

7.  What  cost  27.13  lb.  of  green  tea,  at  SI    12f  pr.  lb.  ? 

Ans.  g)30. 52125 

8.  What  cost  53^  lb.  sugar,  at  14-^  cents  pr.  lb.  ? 

Ans.  g7. 79375 

9.  What  will  12.125  acres  amount  to,  at  £65.25  pr.  acre  ? 

Ans.  8791.15625 

10.  What  is  the  value  of  .7584  ounces  ol  gold,  at  %\7.777'  pr 
oz.  ?  Ans-.   SI  3.4820768 
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To  multiply  by  10,  100,   1000,  Sec.  remove  the  separatrix,   in 

*hc  multiplicand,  so  many  places  to  the  right,  as  the  multiplier 

?ras  cyphers. 

examples. 

flntu    10  as  7.8530")  f7.853 

t,,  ,      .     rw0roJ"       100=        78  5300  •     ~      J  78  53 

The  product  of  .7S5o<j  „    lQQQ  =     7g5m$QQO  j>  Or  <j  m$ 

\J'  10000  x=  7853.0000  j  ^785S 


DIVISION  OF  DECIMALS, 

RULE. 

Divide  as  in  whole  numbers  ;  and  to  know  how  many  deci- 
mals to  point  off  in  the  quotient,  observe  the  following  rule. 

1.  There  must  be  as  many  decimals  in  the  dividend,  as  in 
both  the  divisor  and  quotient ;  therefore  point  off  for  decimals 
in  the  quotient  so  many  figures,  as  the  decimal  places  in  the  di- 
vidend exceed  those  in  the  divisor. 

2.  If  the  figures  in  the  quotient  are  not  so  many  as  the  rule 
requires,  supply  the  defect  by  prefixing  cyphers. 

3.  But  if  the  decimal  places  in  the  divisor  exceed  those  in 
dividend,  add  cyphers  as  decimals  to  the  dividend,  till  the  num- 
ber of  decimals  in  the  dividend  be  equal  to  those  in  the  divisor, 
and  the  quotient  will  be  integers  till  all  these  decimals  are  used, 
And,  in  case  of  a  remainder,  after  all  the  figures  of  the  dividend 
are  used,  and  more  figures  are  wanted  in  the  quotient,  annex, 
cyphers  to  the  remainder,  to  continue  the  division  to  any  degree 
of  exactness. 

EXAMPLES. 

1.  Divide  3424,6056  by  43.6 

43.6)3424-6056(78.546 
3052 

3726 
34S3 

2380 
2180 


2616 
'2616 

0  remains, 
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3.  Divide  3877875  by.675  Ans.  5745000 
S.  Divide  7.25406  by  957  Ans.  .00758 

4.  Divide  56  cts.  by  1  doll.  12  cts.  Ans  .5 

5.  If  6.21  yards  of  cloth  cost  SI 4.45825,  what  cost  one  yard.? 

Ans.  g2.325 

6.  What  is  the  value  of  1  lb.  green  tea,  when  27.131b.  cost 
g30. 52125  Ans.  g   .12| 

7.  If  an  ounce  of  gold  be  worth  g  17.777,  what  is  the  value  of 
.7584  of  an  ounce  at  the  same  rate  ?  Ans.  813.4820768 

Note.  When  decimals,  or  whole  numbers,  are  to  be  divided 
by  10,  100,1000,  Sec.  remove  the  separating  point  in  the  divi- 
dend, so  many  places  towards  the  left,  as  there  are  cyphers  in 
-the  divisor. 

EXAMPLES. 

"]  10  the  quotient  is  785.3 

_0.0    ,.  . ,    .  ,     I         100  '\  "     78.53 

78,.  divided  by  v>     100Q  „  „     ?  g53 

J      10000  5J  "     .7833 


REDUCTION  OF  DECIMALS, 

CASE  I 

To  reduce  a  Vulgar  Fraction  to  its  equivalent  Decimal. 
RULE. 
Annex  cyphers  to  the  numerator,  and  divide  by  the  denomi- 
nator, the  quotient  will  be  the  decimal  required. 

Note.  So  many  places  must  be  pointed  off  in  the  quotient,  as 
there  were  cyphers  annexed  to  the  numerator  ;  but  if  there  be 
not  so  many  places  of  figures  in  the  quotient,  supply  the  defect 
by  prefixing  cyphers  on  the  left  of  the  said  quotient, 
examples. 
I.  "Reduce  £  to  its  equivalent  decimal, 
8M.000 


.125  Ahs. 

2.  Reduce  ■£  to  a  decimal.  Ans.  .25 

3.  Reduce  4  to  a  decimal.  Ans.    .5 

4.  Reduce  -J-  to  a  decimal.  Ans.     .2 
~S.  Rednce  42  to  a  decimal.  Ans.  .85 

6.  What  decimal  is  equivalent  to  ^s>  I  Ans.  .025 

7.  Bring  ^  to  a  decimal.  Ans.  .09375 
•8.  Find  the  decimal  expression  of  t/s^;  Ans-»  '00-8 
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CASE  II. 

To  redact  numbers  of  different  denominations  to  their  ccjui;.' 
ulent  decimal  values. 

RULE. 

Bring  the  given  denominations  to  a  vulgar  fraction  (by  Case 
III.  page  5  7)  and  reduce  said  fraction  to  its  equivalent  decimal 
value. 

OR 

Rule  2.  Write  the  several  denominations  above  each  other  in 
their  order,  placing  the  highest  denomination  at  the  bottom  ; 
then,  beginning  at  the  top,  divide  each  denomination  by  its  val- 
ue in  the  next  supenour  denomination  ;  the  last  quotient  will 
be  the  decimal  required. 

EXAMPLES. 

1.-  Reduce  15s.  9d.  3qrs.  to  the  decimal  of  a  pounc1 
15 
12 


189 
4 


20  X  12  X  4  =  960)759.000000(.790625      Answc: 
6720 

8700 
8640 


6000 
5760 

2400 
1920 

4800 
4800 


By  RULE  2 

4        3. 
9.75 


12 
20 


15.8 


Decimal     .790625  required 


2.  Reduce  12s.  6cu  3qrs.  to  the  decimal  of  a  pound. 

Ans.  .6281-: 

3.  Reduce  9s.  to  the  decimal  of  a  pound.         Ans.  .45 

4.  Reduce  19s.  5d  2  qrs.  to  the  decimal  of  a  pound. 

Ans.  .9727916 

5.  Reduce  3s.  9d.  to  the  decimal  of  a  dollar.  Ans.  .625 

6.  Reduce  7  oz.  19  pwt.  to  the  decimal  of  a  lb.  Troy. 

Ans.  .6625 

7.  Reduce  3  qrs.  21    lb.  to  tl\e  decimal  of  an  cwt. 

Ans.    .9  375 
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SIMPLE  INTEREST. 

Interest  is  the  premium  allowed  for  the  loan  of  money,  rel- 
ative to  which  there  are  four  particulars. 

First,  the  Principal,  or  sum  at  interest. 

Second,  the  Rate  per  cent,  or  interest  of  £'100,  or  dollars 
for  one  year. 

Fourth,  the  amount,  which  is  the  sum  of  principal  and  inter- 
est, added  together. 

Interest  is  either  Simfiie,  or  Coivfiound. 

Simple  Interest  is  that  which  arises  from  the  priacipal 
only. 

RULE. 

1.  Multiply  the  principal  by  the  rate,  and  divide  the  product 
by  100.     The  quotient  is  the  answer  for  one  year. 

2.  Multiply  the  interest  for  one  year  by  the  given  number  of 
years,  and  the  product  is  the  answer  for  that  time. 

3.  If  there  be  parts  of  a  year,  as  months,  or  days,  work  for  the 
months  by  the  aliquot  parts  of  a  year,  and  for  the  days  by  simple- 
proportion. 


Note.  Solutions  in  Simple  Interest  exhibit  the  principle, 
that  the  interest  of  g  100,  or  £'100,  for  1  year,  2  years,  3  years, 
&c.  correspond  to  a  series  of  numbeis  in  arithmetical  propor- 
tion ;  from  whence  will  naturally  arise  the  following  Theorem^ 
lhat 

If  two  ranks  of  numbers  have  the  same  ratio  between  every 
pair  of  correspondents,  then  the  numbers  themselves,  their  cor- 
respondent sums,  and  correspondent  differences,  will  have  the 
>ame  common  ratio, 

Principle.  Int. 
f   1   :     6  100  :  6- 

,ru  J     2   :    12  200  :        12 

Thus       «j    3  .   19  er  3QQ  .       lg 

l_  4   :   24  400  ;        24 


10  :   60  1000  :        60 

In  the  first  pair  of  ranks,  the  ratio  between  any  two  corres*. 
pondents,  is  6  ;  therefore,  taking  any  number  from  the  first 
rank, — suppose  2  ;  then  2  :  12  :  :  10  :  60;  and  2  :  12  :  : 
8  :  48  ;  or  2  :  12  :  :  3:18.  So  also  in  the  2d.  pair  oi? 
ranks  ;-— 300  :  18  :  :  400  :  24  ;  and  300  ;  18  :  v  1 000  :  60  ; 
or  300  :    18   :  :  70©  :  4?   &C. 
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EXAMPLES. 

What  is  the  interest  of  j£*420  for  ]  year,  at   £  7    pr.  cent,  pr. 
annum.  Ans.     r29  8*. 

CO 

420  What    is  the    interest  of  £745    16.9.  for 

7  1  year,  at  7  pr.  cent  ?  Ans.  £52  At.  \\4. 

— •  (2) 

29  |  40  745    16 

20  7 

3  |  00 
Ans.  £29  8*. 


52 

|  20 

12 

20 

4| 

12 
12 

H 

44 
4 

1  I  76 

3.  What  is  the  interest  of  /"SCO,  for  1   year,  at  7  pr.  cent,  pr 
annum  ?  Ans.  £56 

4.  What  is  the  interest  of  £76,  for  1  year,  at  5  pr.  cent  ? 

Ans.  ^3    16*. 

5.  Whst  is  the  interest  of.£21 1   5s.  for  1   year,  at  7  pr.  cent  ? 

Ans.  £14   15*.  Sr/. 

6.  What  is  the  interest  of  £472   Is.  for    1  year,  at   7    pr.  cent, 
pr.  annum  i  Ans    £33  Os.   1&£(L 

7.  What  is  the  interest  of £270   10s.  Gd.    for  1    year,   at  5  pr. 
cent,  pr.  annum  ?  Ans.  £\3   10.s,  6-%d. 

8.  What  is  the  interest  of  g  542,  for   1  year,  at  7  pr.  cent,  pr. 
annum  ?  Ans.  g  37  94cts. 

9.  What  is  the  interest  of  g  800,  for  one  year,  at  6  pr.  cent  I 

Ans.   g  48  00 

10.  What   is  the    interest  of  g  875   35cents,  for  one   year,  at 
6  pr.  cent  ?  Ans.  g  52   52 

1 1.  What  is  the  amount  of  a  bond  for  g  387  50  cents,  for  one 
year,  at  6  pr   cent  ?  Ans.  g  410  75cts. 


Note  1.  vViien  the  principal  consists  of  dollars,  multiply  by 
the  rate  pr.  cent  ;  the  jproSufet  will  be  the  interest  for  1  year,  in 
cents. 

N.  te  2.  When  the  amount  is  required,  add  the  principal  to 
the  interest. 
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CASE  II. 

1.  If  the  interest  required  be  for  years,  months,  and  days,  take 
\  the  number  of  months,  and  set  it  under  the  place  of  tens,  take 
-*-  part  of  the  number  of  days  and  put  it  under  the  place  of  units 
for  a  multiplier. 

2.  For  the  odd  days,  (if  any)  see  what  proportion  they  bear  to 
the  week,  and  divide  the  principal  by  this  proportion,  and  then 
proceed  to  multiply  as  in  whole  numbers  ;  the  product  will  be 
the  interest  for  the  whole  time,  in  dollars,  cents,  and  mills. 

EXAMPLES. 

Required  the  interest  of  g  10  44cts.  for  3  years  5  months  aid 
10  days,  at  6  pr  cent,  pr.  annum. 

y.  m.  d. 
Z-  x=  j.  . |  |   10   44  3   5    10 

2  06  12 

3  48  i  )  41 

3  48  20-1-  l  =  30  clays. 

62   64  10 

2088  — 


6  |  40  |  6 

2,15,7,60  Ans.  2  dol.  15  cts        36 
7  mills,  T%%m.  ~ 

4  odd  days  =  |  of 
week. 

2.  What  will  780  dols.  amount  to,  at  6  pr.  cent,  in  5  years   7 
months   and  12  days?  Ans.  g  975   99  cts. 

3.  What  is  the  interest  of  g  824   15  cts.  for  22  weeks,  at  7  pr. 
cent?  Ans.  g  24  40  cts.  7  m. 

4.  What  is  the  interest  of  g  438  24  for  4  years  9   months  and 
14  days,  at  7  pr.  cent  ?  Ans.  g  146  90cts.  7m. 

CASE  III. 
When  there  is  a  fraction  as  £.-$£>  8cc.  in  the  rate  pr.  cent. 

RULE. 
Multiply  the  principal  by  the  rate  pr.  cent,  to  the  product  add 
^.|,  Sec.  of  said  principal,  and  divide  by  100  for  the  interest  re- 
quired. 
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EXAMPLES. 

1.  What  is  the  interestof  £423  for  one  year,  at  6|  pr.  cent, 
pr.  annum? 


428 


2568 

|  214 

107 


for  half. 

for  one  fourth. 


S  28,89  cts.  Ans. 

2.  What  is   the  interest  of  216/.  5.?.  for   one  year,  at  5-£  pr. 
cent  ?  Ans.  11/.   1 7*5.  10f 

3.  What  is  the  interest  of  8  300  for  one  year,  at  6f  pr.  cent* 
pr.  annum?  Ans.  S  18  ^5  cts. 

CASE  IV. 
To  find  the  interest  of  any  sum  of  money,  for   any  number  of 
years  and  parts  of  a  year. 

1.  Find  the  interest  for  1  year,  and  multiply  this  by  the  given 
number  of  years. 

2.  If  there  be  months  and  days,  work  for   the  months,  by  the 
aliquot  parts  of  a  year,  and  for  the  days,  by  simple  proportion. 

EXAMPLES. 

1.  What  is  the  interest  of  64  dols.  58  cts.  for  3  years  5  months 
and  10  days,  at  5  pr.  cent  ?  Ans.  §1112  cts.  1-ftm. 

64  58 
5 

52290     Interest  for  one  year  in  cents. 
3 

96870  for  3  years. 

4      mo.  =  -§•       10763  for  4  months. 

1       mo.  =  |  2690  for  1  month. 

10  days  =  f  895  for  10  days. 


Ans.     S  11,12,19  =1112  cts.  or  S  H,12  c.  l^m- 

2.  What   is   the   interest  of  g  325  41  cts.   for  3  years,  and  4 
months,  at  5  pr.  cent  \  Ans.  S  54  23  cts.  5  m. 

3.  What  will  3000/.  amount  to  in  12  years  and  10  months,  at 
6  pr.  cent?  Ans.  5310/. 

4.  What  will  S750  amount  to    at  6  pr.   cent,  in   5  years  7 
months  and  12  days  I  A*s.  $  975  99  cts. 
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INSURANCE,  COMMISSION,  and  BROKERAGE, 

Are  allowances  to  Insurers,  Factors,  and  Brokers,  at  a  stipu- 
lated rate  pr.  cent,  as  a  premium  for  their  services. 

The  same  rules  used  in  simple  interest,  apply  to  each  of  these 
cases. 

1.  What  is  the  commission  on  £287  10s.  at  3§  pr.  cent? 

Ans.  flOls.  3  d. 

2.  A  Broker  sells  goods  for  me  to  the  amount  of  £2575  17  s. 
6  d.  what  is  the  brokerage  at  4  s.  pr.  cent  ?       Ans.  £5  5  s.  0|. 

3.  What  is  the  insurance  of  a  house,  valued  at  S  1853,  at  75 
&ts.  pr.  cent  ?  Ans.  %  13  89j  cts. 


DISCOUNT. 

Discount  is  an  allowance  made  for  the  payment  of  any  sum 
of  money  before  it  becomes  due  ;  and  is  the  difference  between 
that  sum  due  some  time  hence,  and  its  present  worth. 

The  firescnt  worth  of  any  sum,  or  debt,  due  some  time  hence, 
is  such  a  sum,  as,  if  put  to  interest,  would  in  that  time  and  at 
that  rate  pr.  cent,  for  which  the  discount  is  to  be  made,  amount 
to  the  sum,  or  debt  then  due. 

What  remains  after  the  discount  is  deducted,  is  the  present 
worth. 

RULE. 

As  the  amount  of  100/.  or  100  dols.  at  the  given  rate  and  time  : 
is  to  the  interest  of  100  at  the  same  rate  and  time,  so  is  the  giv- 
en sum  to  the  discount. 

Subtract  the  discount  from  the  whole  debt,  and  the  remainder 
will  be  the  present  worth. 

Or;  as  the  amount  of  100,  is  to  100,  so  is  the  given  sum  to 
the  present  worth. 

PROOF. 

Find  the  amount  of  the  present  worth  for  the  time  and  rate 
proposed,  which  must  equal  the  given  sum,  or  debt. 

EXAMPLE. 

What  must  be  discounted  for  the  ready  payment  of  ICO  dols. 
due  a  year  hence,  at  6  pr.  cent  pr.  annum  I 
As  106  :  6  :  :   100  :  5   66  Ans. 
100,00  years  sum. 
5,66  discount. 


g  94,34  the  present  worth, 
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2.  What  sum  in.  ready  money,  will  discharge  a  debt  of  £92j, 
due  1  year  and  8  months  hence,  at  6  pr.  cent  ? 

£       £  £       £        v.    d. 

As    110:    100  :   :   925    :   840      18      2      Ans. 

3.  What  is  the  present  worth  of"  600  dols.  due  4  years  hence, 
at  5  pr.  cent?  Ans.  S500 

4.  *What  is  the  present  worth  of  flOO,  one  quarter  due  in 
3  months,  and  the  remaining  3  quarters,  in  5  months,  discount 
7  pr.  cent?  Ans.  £07  8  s.  10  d.  4- 

5.  What  is  the  difference  between  the  interest  of  gl204,  at 
5  pr.  cent  pr.  annum,  for  8  years,  and  the  discount  of  the  same, 
i'or  the  same  time  and  rate  ?  Ans.  8  137  60  cts. 


EQUATION  OF  PAYMENTS. 

Is  finding  the  equated  time,  to  pay  at  once,  several  debts  due 
at  different  times,  so  that  no  loss  shall  be  sustained  by  either 
party. 

RULE. 
Multiply  each  payment  by  its  time,  add  the  several   products 
together,  and  divide  the   sum  by  the  whole  debt ;  the  quotient 
will  be  the  answer. 

PROOF. 
The   interest  of  the    sum,  payable    at  the  equated  time,  will 
equal  the  interest  of  the  several  payments. 

examples. 
I.  A   owes   B.  S  380,  to  be  paid   as  follows,  viz.    100  in   six 
months,    120    in  7  months,  and  160  in  10  months;  What  is  the 
equated  time  for  the  payment  of  the  whole  debt  ? 
100  X     6=     600 
120  X     7=     840 
160  X  10  =   1600 

380  )3040(  8  months.  Ans. 

3.  The  firm  of  B.  Sc  C.  owe  to  the  firm  of  B.  8c  Co.  the  sum 
of  S  300 ;  payments  as  follows:  100  in  3  months,  100  in  4 
months,  and  100  in  6  months;  required  the  equated  time  for 
the  payment  of  the  whole  debt  ?  Ans.  A\  months. 


Note.  When  Sundry  sums  are  to  be  paid  at  different  times, 
find  the  rebate,  or  present  worth  of  each  payment  separately, 
then  add  them  into  one  sum. 
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3.  P.  owes  C.  ^420,  which  will  be  due  6  months  hence,  but  P, 
is  willing  to  pay  £'60  now^  provided  he  can  have  the  rest  re- 
main unpaid,  a  longer  time  than  6  months  ;  when  must  it  be 
paid  ?  Ans  7  months. 


FELLOWSHIP. 

Fellowship)  is  a  rule,  by  which  Merchants,  Sec.  trading  in 
company  with  a  joint  stock,  are  enabled  to  ascertain  each  per- 
sons particular  share  of  the  gain,  or  loss,  in  proportion  to  his 
share  in  the  joint  stock. 

Fellowship  is  either  single,  or  compound. 
Single  Fellowship. 
Is  when  the    several  stocks  in  company  are   considered  with- 
out regard  to  time. 

RULE. 
As  the  whole  stock  is  to  each  mans  share  in  stock,  so  is  the 
whole  gain,  or  loss,  to  his  share  of  the  gain,  or  loss. 

PROOF. 
The  sum  of  the  several  shares  must  equal  the  gain,  or  loss, 

EXAMPLES. 

1.  A.  B.  and  C.  put  in  stock,  and  gain  800  ;  A's  stock  was 
1200,  B.  4800,  and  C.  2000  :  What  was  each  mans  share  of  the 
gain  ? 

A.  1200 

B.  4800 

C.  2000 

8000 
fl200")  f120l    share  of  A. 

As  800:    «J  4800  I:  :   800:    \  480  I B.  Ana. 

1 2000  J  (.200  J C. 

2.  D.  E.  and  F.  trading,  gained  120/.;  D's  stock  was  140/. 
E's  300,  and  F's  160  :   What  was  each  im  ns  share  of  the  gain. 

Ans.  D's,  28/.  E's,  60/.  and  F's,  32/. 

3.  Four  men,  trading  with  a  stock  of  S  2400,  and  gain  in  2 
years,  twice  as  much,  and  S  160  more  ;  A's  stock  was  400,  B's 
740,  C's  820  ;  what  was  D's  stock,  and  how  much  did  each  man 
gain. 

Note.  By  this  rule,  also,  a  bankrupt  estnte,  may  be  divided 
among  his  creditors. 
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"D's  stock,  g  440  cts.  mills: 

gained  g826  66     6 

Ans.         <^  B.  gained  g  1529  33     3      « 

C.  gained  gl694  66     6 

D.  gained  g909   33     3 


COMPOUND  FELLOWSHIP. 

Is  when  the  respective  stocks  of  several  partners  in  company 
are  considered  with  time. 

RULE. 

Multiply  each  mans  stock  by  its  time,  and  add  the  several 
products  together,  then 

As  the  sum  of  the  products  is  to  each  particular  product ;  so 
is  the  whole  gain,  or  loss,  to  its  share  of  the  gain,  or  loss. 

EXAMPLES. 

1.  Three  Merchants  trade  together.  A's  stock  is  120/.  for  9 
months,  B's  100/.  for  16  months,  C's  100/.  for  14  months,  and 
they  gain  100/:  What  is  each  mans  share. 

A's  stock  120  X     9  =   1080 

B's 100  X  16  =   1600 

C's ~   100  X   14  =  1400 

4080     sum. 


T  10801  f    26/.  9s.  4rf.  J 

:    4  1600  I    :  :    100/.    i     39/.  4*.  3d  £ 

I  1400  J  I    34/  6s.  3d   J 


^  A.  share, 
i  I   B.  share. 
C    share. 
2.  Three  Merchants  join  in  company.     H.  puts  in  g  620  for  8 
months,  L.  950/.  for  1 1  months,  and  M.  g  730  for  13  months,  and 
they  gain  1800 :  What  was  each  mans  share  ? 
;hare  558  55  4-£& 


("As  share 

J  B's 

[C's 


Ans.  1  B's 755  42    li^ 
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3.  A.  began  trade,  January  1,  1818,  with  a  capital  of  g  1000, 
and  on  the  first  of  March  following,  took  in  B.  as  a  partner,  with 
a  capital  of  g  1500  ;  three  months  after  which,  they  admit  C.  as 
a  third  partner,  who  brought  into  stock  g  2SQ0,  and  after  trading 
together  till  the  first  of  the  next  year,  they  find  their  gain  to  be 
%  1776  50:  How  ought  each  one  share  in  tt»e  profit? 

AWS.  A'<?  g.M5>  46|ff  B's  g  571   83|f|  C's  g  w£$£- 
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ALLIGATION, 

Teaches  how  to  mix  several  simples  of  different  qualities,  so 
that  the  composition  shall  be  of  a  mean,  or  middle  quality.  It 
consists  of  two  parts,  Alligation  Medial,  and  Alligation  Alternate. 
ALLIGATION  MEDIAL, 
Is  the  method  of  rinding  the  mean  rate,  or  price  of  the  com- 
pound, by  having  the  rates  and  quantities  of  the  several  simples 
given. 

RULE. 
Multiply  each  quantity  by  its  rate  ;  then  divide  the  sum  of  the 
products  by  the  sum  of  the  quantities,  the  quotient  will  be  the 
rate  of  the  compound  required. 

examples. 
1,  Suppose  15  bushels  of  rye,  at  64  cts.  pr.  bushel,  18  bushels 
of  corn, at   55  cts.  pr.  bushel,  and  21  bushels  of  oats,  at  28  cts. 
pr.  bushel,  were  mixed,  what  is  the  value  of  the  composition  pr« 
bushel ? 

bu.     cts.       g  cts. 
15  X  64  =»  9    60 
18X55=  9   90 
21  X  28  =  5  88 


54  -f-  25   38  =  47  cts.  Ans. 

2.  If  18  bushels  of  wheat,  worth  g  1  50  pr.  bushel,  be  mixed 
with  12  bushels  of  rye,  at  &  1  25  pr.  bushel,  what  is  a  bushel  of 
this  mixture  worth  ?  Ans.   g  1   40 

3.  Suppose  a  Wine  Merchant  mixes  together  73$.  gallons  of 
wine,  at  &  2  16  pr.  gallon,  5§  gallons,  at  $  2  pr.  gallon,  and  4-1 
gallons,  at  S  1  80  pr.  gallon  ;  what  will  a  gallon  of  this  mixture 
be  worth,  supposing  he  should  accidentally  spill  a  quart  of  wa- 
ter into  it  ?  Ans  $1   9f  X. 

4.  A  Goldsmith  melted  together  5  lb.  of  gold  of  22  caiats 
frne,  22  lb.  of  21  carats  fine,  and  1  lb.  of  alloy  ;  what  is  the  qual- 
ity of  the  mass  '(  Ans.  19  carats  fine. 

ALLIGATION  ALTERNATE, 
Is  the  method  of  finding  what  quantity  of  any  number  of  in- 
gredients,  whose  rates  are  given,  will  compose  a  mixture  of  a 
given  rate :  so  that  it  is  the  reverse  of  Alligation  Medial,  and 
may  be  proved  by  it. 

RULE. 
1.  Write  the    several   rates,  or   prices  of  the  simples,  in  a 
oolumn    under  each    other,   and  the  mean  rate,  or  prioo  of  the 
whole  mixture,  at  the  left  hand. 
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2.  *Conncct,  or  link  the  price  of  each  simple^  or  ingredient, 
which  is  less  than  the  mean  rate,  or  price  of  the  whole  mixture, 
with  one,  or  any  number  of  those,  w  liich  are  greater  than  the 
mean  rate,  and  each  greater  rate,  or  price  with  one,  or  any  num- 
ber of  the  less. 

3.  Write  the  difference  between  the  mean  jirice,  (or  mixture 
rate)  and  that  of  each  of  the  simples,  opposite  to  the  rates  with 
which  they  are  connected. 

4.  Then  if  only  one  difference  stand  against  any  rate,  it  will 
be  the  quantity  belonging  to  that  rate  ;  but  if  there  be  several, 
their  sum  will  be  the  quantity. 

EXAMTLES. 

I.  A  Merchant  would  mix  wine  at  14s.  19s.  15s.  and  22s.  pr. 
gallon,  so  that  the  mixture  may  be  worth  18s  the  gallon  ;  what 
quantity  of  each  must  be  taken  ? 

fJ4 >   4  at  14s.        ~  f  14 ,    1 

me  18il9j    J  3  at  19s.tIiUS'  1Si  19J    ' 

\22 *   4  at  22  s.  ^22- 


4  + 
4 


5  at  lis. 
1  at  15s. 
7  at  19s. 
4  at  22s. 


2.  How  much  wine  at  6s.  pr.  gallon,  and  at  4s.  pr.  gallon, 
must  be  mixed  together,  that  the  composition  may  be  worth  5s. 
pr.  gallon  ?  Ans.  12  gallons  of  each. 

3.  A  Merchant  would  mix  several  kinds  of  spirits  together; 
some  at  7s.  some  at  10s.  some  at 5s.  and  some  at  13s.  pr.  gallon; 
how  much  of  each  sort  must  the  mixture  contain,  so  that  a  gal- 
lon of  it  shall  be  worth  9s.  2d.  ? 

Ans.  4  gal.  at  5s.  1  gai.  at  7s.  2  gal.  at  10s.  and  4  gal.  at  1 3s. 

4.  How  much  grain  at  2s.  6d.  3s.  8d.  4s.  and  4s.  8d.  pr.  bush, 
must  be  mixed  together,  that  the  compound  may  be  worth  3s. 
lOd.  pr.  bushel  ? 

Ans.  12  at  2s.  6d.  12  at  3s.  8d.  IS  at  4s.  and  18  at  4s.  8d. 

5.  How  much  water  at  0  pr.  gallon,  may  be  mixed  with  li- 
quors at  Is.  7s.  and  8s.  pr.  gallon,  so  that  a  gallon  of  the  mix- 
ture may  be  sold  for  5s.  pr.  gallon  ? 

Ans.  5  of  water,  5  at  Is.  9  at  7s.  and  9  at  8s. 

*Note.  By  connecting  the  less  rate  with  the  greater,  and 
placing  the  differences  between  then),  and  the  mean  rate  alter- 
hat  \y  ;  the  quantities  resulting,  are  such,  that  there  must  be 
precisely  as  much  gained  by  one  quantity,  as  is  lost  by  the 
other;  therefore  the  gain  and  loss  upon  the  whole  are  equal, 
and  are  exactly  the  proposed  rate.  It  is  also  obvious,  that  ques- 
tions under  this  rule,  admit  of  answers  differing,  ad  ir\finktufn  ; 
for  having  found  one  answer,  v;  n  aj  6r  as  n  y  more  as  we 
.  by  only  multiplying*  or  dividing  each  of  the  quantities* 
found  by  2,  3,  4,  Lc. 
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TARE  AND  TRETT. 

Tare  and  Trett  are  allowances  made  to  the  buyer,  on  some 
particular  commodities. 

Tare  is  the  weight  of  the  barrel,  box,  bag,  or  whatever  con- 
tains the  articles. 

Trett  is  an  allowance  of  4  lb.  in  every  104  lb.  for  waste, 
dust,  8cc. 

Gross,  is  the  weight  of  the  goods  together  with  the  barrel, 
box,  bag,  or  whatever  contains  them. 

When  the  tare  is  deducted  from  the  gross,  it  leaves  what  is 
called  the  suttle. 

Neat,  the  weight  of  the  goods,  after  all  allowances  are 
made. 

CASE  I. 
When  the  tare  is  a  certain  weight  fir.  box,  barrel,  <L?c. 

RULE. 

Multiply  the  number  of  boxes,  or  barrels,  Sco.  by  the  tare,  and 
subtract  the  product  from  the  gross,  the  remainder  is  the  neat 
weight  required. 

EXAMPLES. 

1.  In  7  fraits  of  raisins,  each  weighing  5  cwt.  2  qr.  5lb.  gross, 
tare  23lb.  pr.  frait ;  how  much  neat  ? 
23X7  =   1  cwt.  lqr.  211b. 

5,  2,  5  What  is   the  neat  weight  of  14  hogs- 

7  heads    of    tobacco  j     each    weighing 

5  cwt,  2  qr.  17  lb.  gross,  tare    100  pr. 

38,  3,  7  gross,     hogshead.  Ans.  66  cwt.  2  qr.  14  lb. 
1,   1,  21  tare. 


57,   1,  14     the  answer. 


CASE  II. 

When  the  tare  is  a  certain  weight  fir.  cwt. 
RULE. 
Divide  the  gross  weight  by  the  aliquot   parts  of  a  cwt.    con- 
tained in  the  tare,  and  subtract  the  quotient  from  the  gross  ;  the 
remainder  is  the  neat  weight. 
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EXAMPLES, 

Grosi  173  cwt.  3  qr. 
neat 


EXAMPLES. 

I.  Gros»  173  cwt.  3  qr.  17  lb.  tare  161b.  pr.   cwt.  how  mutch 


cwt.  qr.  lb. 
173  3   17     gross, 


14  lb.  =  4  21   2  26       2.  What  is  the  neat  weight  of  7  barrels 
2  lb.  =  4     3  0   11     of  potash,  each  weighing  201  lb.  gross, 
■ —    tare  101b.  pr.  cwt.  ?   Ans.  128  1b.  6  oz. 


24 


149  o    8    Ans. 


3.  In  25  barrels  of  figs,  each  2  cwt.    1  qr.   gross,  tare  16  pr. 
cwt.  ;  how  much  neat  ?  Ans.  48  cwt.  241b. 

CASE  III. 

When  Trctt  is  allowed  ivith   Tare. 

RULE. 

Divide  the  suttle  by  26,  and  the  quotient  will   be   the   Trett, 

which  subtract  from  the  suttle,  the  remainder  is  the  net  weight. 

EXAMPLES 

1.  In  9  cwt.  2  qr.  17  lb.  gross,  tare  37  lb.  and  trett  as  usual  ; 
how  much  neat  ? 

.  lb. 

2.  In  7  casks  of  primes,  each 
weighings  cwt.  1  qr.  5  lb.gross, 
tara  \7\  lb.  pr.  cwt.  and  trett  as 
suttle.      usual  ;  how  much  neat  ? 

Ans.   18  cwt.  2  qr.  25  ltr. 

8     3     25     Answer. 

CASE  IV. 
When  Tare  Trett  and  Cloffare  allowed. 
RULE. 
Deduct  the  tare  and  trett  as  before,  divide  the  suttle  by  168> 
the  quotient  will  be  the  cloff,  which  subtract  from   the  suttle  s 
the  remainder  is  the  neat  weight. 


cwt. 

qr. 

lb. 

9 

2 

17 

gross. 

0 

1 

9 

tare. 

;|9 

1 

8 

suttle. 

1 

11 

trett. 
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EXAMPLES. 

1.  What  is  the  neat  weight  of  a  hhd.  of  tobacco,  weighing: 
15  cwt.  3.  qr.  201b.  gross,  tare  7  ib.  pr.  cwt.  and  trett  and  cloft 
as  usual  ? 

cwt.  or.   lb. 

2  In  19  chests  of  sugar,  each 
3  27  tare.  containing  13  cwt.  1  qr.  17ib. 
gross,  tare  13lb.  pr.  cwt.  <md 
trett  and  cloft*  as  usual ; — how 
much  neuf.  '{  and  what  is  the 
valu^  5jd  pr.  lb.  ? 
Ans.  2 i5  cwt.  171b.  and  value 
£577  6s.  5£ 


cwt. 
15 

qr. 
3 
3 

lb. 

20  gross. 

27  tare. 

•)H 

3 

2 

21 

18  trett 

1)14 

1 

13  suttle 
9  cloff 

14     14     Ans. 


COMPOUND  PROPORTION,  OR  DUBLE  RULE 
OF  1HREE, 

Teaches  to  solve,  at  once,  such  questions,  as  require  two,  or' 
znore  statings  in  simple  proportion,  whether  Direct,  or  Inverse. 

In  this  rule,  their  are  always  five  terms  given,  to  find  a  sixth. 
Ihe  three  first  terms  of  which,  are  a  supfiosiiiony  the  two  last  a 
demand. 

RULE. 

In  stating  the  question,  place  the  terms  of  supposition,  so  thai 
the  principal  cause  of  loss,  gain,  or  action,  possess  the  first 
place  ;  that  which  signifies  time,  distance  of  place,  in  the  second 
place,  and  the  remaining  term  in  the  third  place.  Place  the 
terms  of  demand  under  those  of  the  same  kind,  in  the  supposi- 
tion. 

If  the  blank  place,  or  term  sought,  fall  under  the  third  term, 
4he  proportion    is  direct ;  then   multiply   the  first  and  second 

Note.  Tue  following  method  of  stating  compound  proportion 
'%,  by  some,  prefered, 

1.  Place  that  number,  Dr  term,  which  is  of  the  same  name,  or 
"kind  with  the  answer,   in   the  third  place. 

2.  Then  take  one  term  from  the  supposition,  and  one  from 
the  demand,  both  of  the  same  name,  or  kind,  and  place  them 
with  the  third  term. 

3.  Then  proceed  in  the  same  manner  with  the  two  remaining 
terms. 
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terms  together  for  a  divisor,  and  the  other  three  for  a  dividend  : 
but  if  the  blank  fall  under  the  first,  or  seeond  term,  the  propor- 
tion is  Inverse  ;  then  multiply  the  third  and  fourth  term  togeth- 
er for  a  divisor,  and  the  other  three  for  a  dividend  ;  and  the 
quotient  will  be  the  answer. 


4.  Reduce  the  similar  terms  to  the  same  denomination,  if 
necessary. 

5.  Multiply  the  terms  in  the  second  and  third  place  together, 
and  divide  their  product  by  the  product  of  those  in  the  first 
place  ; — the  quotient  will  be  the  answer. 

EXAMPLE. 

If  7  men  can  build  36  rods  of  wall  in  Z  days,  how  many  rods 
can  20  men  build  in  14  days  ? 

men  7  :  20  :  :  36 
days.   3  :    14 

21     280 
36 

21)10080(480 
84 

168 
108 

00 
In  compound  proportion,  there  are  always  five  numbers  given 
to  find  a  sixth,  which  multiplied  into  the  product  of  the  two  first, 
shall  be  equal  to  the  product  of  the  other  three.  And  it  maybe 
shown  in  compound,  as  in  simple  proportion,  that  the  product  of 
the  extremes,  is  equal  to  the  product  of  the  means  ;  thus 
2  X  3  :  12  :  :  3  X  4  :  24  ;  here  the  extremes  are  2X3  and  24, 
and  the  means  are  12  and  3X4;  now  the  product  of  2  X  3X  24 
the  extremes,  is  144  ;  and  the  product  of  12  X  3  X  4  the  means, 
is  also  144;  whence  it  is  evident  that  dividing  either  the  pro- 
duct of  the  three  extremes,  or  means,  by  any  two  of  the  means 
gives  the  other  mean  ;  thus,  144  divided  by  the  product  of  the 
two  means  3  X  4,  gives  12  for  the  other  mean  ;  and  it  is  also 
manifest,  that  by  dividing  the  product  of  the  three  extremes,  or 
means,  by  the  product  of  any  two  of  the  extremes,  the  other 
extreme  is  obtained  ;  thus  dividing  144  the  product  of  the 
means,  by  2X3  the  product  of  two  of  the  extremes,  gives  24 
for  the  ether  extreme  :  hence  the  propriety  of  the  rule  in  mul- 
tiplying the  3d.  4th.  and  5th.  terms,  or  means  together,  and  di- 
viding by  the  product  of  the  two  first  terms,  or  extremes,  to 
nHfaip  the  other  extreme. 
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EXAMPLES, 

If  7  men  can  build  36  rods  of  wall  in  3   days,  how  many  rods 
can  20  men  build  in  14  days  ? 

7  :  3  :  :  36  terms  of  supposition. 
20      14  terms  of  demand. 

36 


84 

42 

If  150/.  in  12  months,  gain  9/.  in  wli 



time  will  450/.  gain  54/.  ? 

504 

20 

150  :    12   :    :   9 



450       :  :       54          Ans.  2  years. 

7X3=  21)100S0(4S0  rods.  Ans 

BY  LOGARITHMS. 

In  compound,  as  in  simple  proportion,  the  term  required  may 
be  found  by  logarithms,  if  we  substitute  addition  for  multiplica- 
tion, and  subtraction  for  division. 

RULE. 

Add  together  the  logarithms  of  those  terms  which  in  com- 
mon arithmetick  are  to  be  multiplied  together  for  a  dividend, 
and  from  the  sum,  subtract  the  sum  of  the  logarithms  answer- 
ing to  these  terms,  which  in  common  arithmetick,  are  multipli- 
ed for  a  divisor;  and  the  remainder  will  be  the  logarithm  of  the 
answer.  Or  more  fully  ;  find  the  arithmetical  complement  of 
the  logarithms  to  be  subtracted,  and  then  add  all  the  terms  to- 
gether ;  the  sum  will  be  the  logarithm  of  the  answer. 

EXAMPLES. 

2.  If  4  men  in  12  days,  mow  48  acres  ;  how  many  acres  caa 
8  men  mow,  in  16  days  ? 

Two  first  terms 

Third  term 

Fourth  and  fifth  terms 

*  Term  required 


C4       a. 

c. 

9. 

3979400 

1  12     a. 

c. 

8. 

9208188 

8 

0. 

9030900 

C48 

1. 

6812412 

I  16 

1. 

2041200 

28  Ans. 

2. 

1072100 

*  It  must  be  observed,  that  each  arithmetical  compliment  in- 
creases the  index  of  the  logarithm  by  10  ;  as  often  therefore, 
as  the  a.  c.  is  used,  the  index  of  the  sum  of  the  logarithms, 
must  be  made  less  by  so  many  tens. 


80  LOGAKITHMICK 

1.  If  19   bushels  of  oats,  be  sufficient  for  18  horses  20  da» 
bow  many  bushels  will  serve  60  horses  36  days  ? 
T60     log;.       1.     7781513 
Three  last  terms  <  36  1.     5563025 

(_10  1.      0000000 

Sum  of  Log.       4.     3344538 


L.S.  to  b.  subtracted    J"    **     J;     *£™ 


2.     5563025 

Sum  of  the  Log's,  three  last  terms       4.     3344538 
do.  of  the  two  first  2.     5563025 


Term  required  60  =  1.     7781513 


3.  What    principal  will  gain  £*262   10s.  in   7  years,  at/*5  pr., 
cent  ?  Ans.  £750 

4.  If  the  interest  of  365  dollars  for  3  years  and  9  months,  be 
g  82  13  cts.  what  will  be  the  interest  of  8  8  940  for  two  years 
and  6  months  ?  Ans.    )   340 

5.  If  £  100  in  12  months,  gain  £6  interest  ;  how  much  will 
£75  gain  in  9  months  ?  Ans.  £3  7s.  6d. 

6.  If  /~1 6  18s.  be  the  wages  of  16  men,  for  8  days  ;  what  sum 
■nill  32  men  earn  in  24  days?  Ans.  £  01   8s. 

7.  If£l00  in  12  months,  gain  £7  interest  ;  what  principal 
will  gain  £3   18s.  9d.  in  9  months  i  Ans.  £1S 

8.  If  2001b.  be  carried  40  miles,  for  40  cents;  how  far  may 
2$200lb.  be  carried  for  8  60  60  cts.  Ans.  60  miles. 


COMPOUND  INTEREST, 

In  calculating  compound  interest,  the  amount  for  the  first  year.* 
is  made  the  principal  for  the  second  year  ;  and  the  amount  for 
the  second,  the  principal  for  the  third,  kc. 

As  the  Logarithmickal  method  of  computing  compound  inter- 
est, is  by  muixh  the  most  expeditious,  it  is  thought  unnecessary 
to  subjoin    the  old  one  in  this  piace.     Therefore, 

To  calculate  Comfiound  Interest  by  Logarithms. 
RULE. 

1.  Find  the  amount  of  1  dollar  for  1  year;  multiply  its  logr- 
rithm  by  the  number  of  years,  and  to  the   product  add  the  loga- 
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$Lthm  of  the  principal.     The  sum  will  be  the   logarithm  of  the 
amount  for  the  given  time. 

2.  From  the  amount  subtract  the  principal,  and  the  remainder 
Will  be  the  interest. 

EXAMPLES. 

1.  What  is  the  amount  of  20  dollars,  at  6  pt\  cent  compound 
interest,  for  100  years  ? 

Amount  of  1  dollar  for  1  year  =  g  1   06  log.         0.0253059 
Multiply  by  the  time  10(> 


2.5305900 
Add  log.  of  S  20,  given  principal  1.30 10300 


Amount  required  $  6786  3.831620O 

2.  What  is  the  amount  of  425  dollars,  at  5  pr.  cent  compound, 
i.tcrest,  for  4  years  ?  • 

Amount  of  1  dollar  for  1  year  =  $  1  05  log.         O.C21189S 
Multiply  by  the  time  4 


0.0847572 
Add  log.  of  425  given  principal  2.628388,9 


Amount         $516  59  2.7131461 


Note  1.  If  the  the  interest  becomes  due  semianually^  or  guar^ 
terly  ;  find  the  amount  of  one  dollar,  for  the  half-year  or  quar- 
ter, and  multiply  tjie  logarithm,  by  the  number  of  half-years  or 
quarters  in  the  given  time. 

Note  2.  As  Simple  Interest  is  performed  by  a  rank  of  numbers,, 
arithmetically  proportional,  so  it  may  be  shown,  that  Compound 
Interest  is  performed  by  a  rank  of  numbers  geometrically  pro- 
portional. 

And  it  is  a  principle  in  Mathematicks,  that,  if  three  num- 
bers be  in  geometrical  proportion,  the  product  of  the  two  ex- 
tremes, is  equal  to  the  square  of  the  mean.  (See  Euclid's  Eii- 
ments,  20th  prop.  7th  book.)  And  on  the  contrary,  if  the  rec- 
tangle contained  by  the  extremes  of  any  three  numbers,  be  equal 
to  the  square  of  the  mean,  then  those  three  numbers  are  in 
geometrical  proportion. 

Now  if  3  dollars  be  the  compound  interest  of  g  100  for  |  year, 
or  6  months,  then  these  three  numbers  100,103,  106,  should  be  in 
geometrical  proportion  ;  but  it  may  be  proved  by  the  aforesaid, 
proposition,  they  are  not;  for  the  reetangle  of  IOC  into  106  is 
but  10600,  and  the  square  of  the  mean  103,  is  10609,  which  is 
greater  than  the  product  of  the  two  extremes.  But  the  square 
root  of  10600  will  be  found  to  be  102,956  :  so  that  the  true  pro- 
portional interest  of  g>  100,  for  ~  year,  is  but  $  2  95  cts.  6  m. 
11 
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is    the   amount  of   1000  dollars,  at  6  po\  cent  com* 
est,  for  10  years  ?  Ans.  8 1790  80  • 


3.  What 

pound  interest, 

4.  Required  the  amount  of  100  dollars,  at  6  pr.  cent  compound 
interest,  for  3  years  ?  Ans.  8  119    10 

5.  What  will  1000  dollars  amount  to  at  7  pr.  cent,  compound 
Interest,  in  4  years  ?  Ans.  g  1310  80 

6.  What  is  the  compound  interest  of  876  dollars  90  cts.  at  6 
pr.  cent  pr.  annum,  for  3  years  and  6  months  ?     Ans.  &  198  83-f- 

7.  What  will    100  dollars  amount  to  in  3  years,  at  6  pr.  cent 
compound  interest,  allowing  that  it  becomes  due  semiannually  ? 

Ans.  g  127  OS-f 

8.  What   is  the  amount  of  400  dollars,  at  5  pr.  cent   com- 
pound interest,  for  1  year,  payable  quarterly  ?      Ans.  420  37 

9.  What  is  the  amount  of  1   cent,  at  6  pr.  cent  compound  in- 
terest, in  500  years  ? 

Amount  of  1    dollar  for  1  year=  g  1  06  log.         0.0253059 
Multiply  by  the  time  500 


12.6529500 
Add  log.  of  principal  £  0  01  — 2.00000Q0 


Amount  S  44,973,000,000  1 0.6^29500 


INVOLUTION.      . 

A  Poaveb.  is  a  number  produced  by  multiplying  any  gwen 
number  continually  by  itself  a  certain  number  of  times. 

The  number  denoting  the  power,  is  called  the  Indexy  or 
Exponent  of  that  power. 

To  raise  a  given  number,  tve  have  the  following 
RULE. 

Multiply  the  given  number,  or  first  power,  continually  by  it- 
self, till  the  number  of  multiplications  be  1  less  than  the  index 
of  the  power  to  be  found,  and  the  last  product  will  be  the  power 
required. 


Note.  Powers  are  commonly  denoted  by  Writing  their  indices 
above  the  first  power ;  as  follows. 

2  X  2  =  4,  the  2d  power,  or  square  of  2,  or  29. 
2  X  2  X  2  =»  8,  the  3d  power,  or  cube  of  2,  or  2 5. 
2X2X2X2=  16,  or  biquadrate  of  2,       or  24.  &c. 
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EXAMPLES, 


EXAMPLES. 

I.  Let  it  be  required  to  raise  45  to  its  cube,  or  third  power 


10125 

8100 

Ans.  the  3d  power,      91 125       or  cube  of  45 
2.  What  is  the  square  of  3758  ?  Ans.   14122564 

X  What  is  the  cube  of  327  ?  Ans.  34965785 

4.  What  is  the  biquadrate,  or  fourth  power  of  376  ? 

Ans.  19987173376 

5.  What  is  the  fifth  power  of -029  ?  Ans.  -0000000205 1 1 149 

6.  What  is  the  sixth  power  of  48  ?  Ars.  12230590464 
T.  Required  the  seventh  power  of  7?                Ans.     823543 


EVOLUTION, 

Is  that,  by  which  we  extract  tho^roots  of  numbers  ;  or  fiRd  a 
radical  quantity,  which  multiplied  into  itself  a  certain  number  of 
times  will  produce  the  given  power. 

TO  EXTRACT  THE  SQUARE  ROOT. 

RULE. 

1.  Having  distinguished  the  given  number  in  periods  of  two 
figures  each,  beginning  at  the  place  of  units,  find  the  greatest 
square  number  in  the  first,  or  left  hand  period,  place  the  root  of 
it  at  the  right  hand  of  the  given  number,  (in  the  manner  of  a 
quotient  figure  in  division,)  for  the  first  figure  of  the  root,  the. 
square  of  which  subtract  from  the  first  period,  and  to  the  re- 
mainder bring  down  the  next  period  for  a  dividend. 

2.  Place  the  double  of  the  root,  already  found,  on  the  left  of 
the  dividend  for  a  divisor. 


Note.  Roots  are  sometimes  denoted  by  writing  */  before  the 
power,  with  the  index  of  the  root  against  it.  Thus  the  third 
root  of  80  is  '^80,  and  the  second  root  of  80  \s  V^O,  the  index 
2*  though  omitted,  is  always  to  be  understood,  when  the  radicaj. 
t?gn  h  written  \vi\hdut  a  numeral  inc^cx. 
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3.  Consider  what  figure  must  be  annexed  to  the  divisor,  so 
that  if  the  result  be  multiplied  by  it,  the  product  may  be  equal 
to,  or  next  less  than  the  dividend,  and  it  will  be  the  second  fig- 
ure of  the  root. 

4.  Find  a  divisor  as  before,  by  doubling  the  figures  already 
in  the  root ;  and  from  these  find  the  next  figure  of  the  root,  as 
in  the  last  article  ;  and  so  on  through  all  the  periods  to  the  last. 

EXAMPLES. 

1.  What  is  the  square  root  2.  What  is  the  square  root 

of.     14122564  ?  of     5499025  ? 

14- 12-25-64  |  3  the  root,  5-49-9025  |  2345   root. 

9  4 


67  |  512 

469 

745  |  4325 
5725 

7508  |  60064 
60064 

O     remains. 

3.  What  is  the  square  root  of 

4.  What  is  the  square  root  of 

5.  What  is  the  square  root  of 

6.  What  is  the  square  root  of 

7.  What  is  the  square  root  of 
S.  What  is  the  square  root  of 


43  |  149 

129 

464  |  2090 

1856 

4685  |  23425 

23425 

..  .  ■■» 

0 

remains 

, 

10342656  ? 

Ans. 

5216 

43264  ? 

Ans. 

208 

451584  ? 

Ans. 

672 

2985984  ? 

Ans. 

1728 

998001 ? 

Ans. 

999 

9.  What  is  the  square  root  of 


964,5192350241  ? 

Ans.  31,05671 
1030892198,4001  ? 

Ans.  32107,51 
3  0.  *  What  is  the  square  root  of  160  ?  Ans.   12,649 1 1  -J- 

11.  What  is  the  square  root  of  2  ?        Ans.   1,4 142 135 6237  H 

12.  What  is  the  square  root  of  10  ?         Ans.  5.162277  &c. 


*  Note.  When  the  given  number  is  a  surd  ;  that  is,  when  its 
root  cannot  be  found  exactly,  without  a  remainder,  the  evolu- 
tion may  be  carried  on,  until  we  obtain  a  root,  sufficiently  near 
the  truth,  by  annexing  cyphers  to  the  remainder,  and  proceed- 
ing as  in  rational  numbers.  In  the  10th  example  ;  although 
12.6491 1,  is  not  the  exact  root  of  160,  yet  if  it  be  multiplied  by 
itself,  the  product  will  be  159,9999837921,  which  is  not  two 
parts,  of  which  10000  mske  an  unit,  wide  of  the  truth. 
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TQ  EXTRACT  THE  CUBE  ROOT, 

RULE. 

1.  Having  distinguished  the  given  number  into  periods  of 
$irce  figures,  find  the  nearest  less  cube  in  the  first  period,  set 
its  root  in  the  quotient,  and  subtract  the  said  cube  from  the 
first  period  ;  to  the  remainder  bringdown  the  second  period  r 
and  call  this  the  Resolvend. 

2.  To  three  times  the  square  of  the  root,  just  found,  add  three 
times  the  root  itself,  setting  this  one  place  farther  to  the  right 
than  the  former,  and  call  this  sum  the  Divisor.  Then  divide 
the  resolvend,  excepting  the  right  hand  figure,  by  the  divisor, 
for  the  next  figure  of  the  root,  which  annex  to  the  former; 
calling  this  last  figure  e,  and  the  part  of  the  root  before  found, 
call  a.  t 

3.  Add  together  these  three  products,  namely,  three  times 
the  square  of  a  multiplied  by  c ,  three  times  a  multiplied  by  the 
square  of  e,  and  the  cube  of  r,  setting  each  of  them  one  place 
farther  towards  the  right  than  the  former,  and  call  the  sum  the 
Subtrahend  :  which  must  not  exceed  the  resolvend  ;  if  it 
does,  then  make  the  last  figure  e  less,  and  repeat  the  operation 
for  finding  the  subtrahend. 

4.  Subtract  the  subtrahend  from  the  resolvend,  and  to  the 
remainder  bring  down  the  next  period  of  the  given  number  for 
a  new  resolvend  ;  to  which  form  a  new  divisor  from  the  whole 
pone  root  found  ;  and  thence  another  figure  of  the  root,  as  before 
and  thus  continue  ,£i  11  the  whole  is  finished. 
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EXAMPLES. 

I.  Required  the  cube  root  of  436056824287  ? 

3X7*  =  149       I  436«036  824287  [  7583  the  roofc 
3X7      =       21     J  343 

1st.  Divisor, 


9  3036   1st.  resolvend. 
78875   subtract  subtrahend. 


r3X7*X5        735 
Addj  3X7X5*  = 


14161824  2d.  resolvend. 

1 36445 1 2  sub.  2d.  subtrahend. 


5"'  =      125 
IstT  78875 

5X75*    =      17875- 

3X75      =  225 


517312287  3d.  resolvend. 
517312287  sub.  3d.  sub'end. 


0     remairls. 


'2d.  Divisor 


178975 


Add 


{ 


1X75X8*   = 
8»  = 


2d.  Subtrahend 


3X7585 
3X758 


3d.  Divisor. 


135000- 
14400 
512 

13644512 

1723692 

2274 
■  ■ 
17239194 


{ 


3X7582X3    a= 

IcM  3X758X32   r= 

3?    *» 


3d.  Resolvend 


5171076 
20466 
27 

517312287 


The  laborious  operation  of  extracting  the  roots  of  higher 
powers,  is  often  so  tedious,  as  to  render  it  highly  irksome  and 
forbidding  to  learners.  But,  as  in  Logarithms,  addition  is 
made  to  perform  the  office  of  multiplication,  and  subtraction 
that  of  division  ;  the  labour  of  evolving  roots  is  not  only  short- 
eijecl  to  a  degree  surpassing  credence,  but  the  whole-  is  per.- 
formed  with  in  comparable  facility  and  expedition. 
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EVOLUTION  BY  LOGARITHMS, 

Evolution  is  the  opposite  of  involution.  And  it  was  shovjn 
ih  the  introduction  of  logarithms,  that  quantities  are  involved,  by 
multiplying  their  indie es,  or  logarithms.  For  the  same  reason^, 
therefore,  the  roots  of  quantities  may  be  extracted,  by  dividing 
t-heir  indices^  or  logarithms. 


lo  extract  the  root  of  any  number  hy  logarithms. 
We  have  therefore,  this  general 

RULE. 
Divide  the  logarithm  of  the   given  quantity,  by  the    number 
expressing  the  root  to  be  found. 

EXAMPLES. 

1.  Required    to  find   the   cube  root  of  the  same  number 
436036824287,  by  logarithms  ? 

Numbers.  Logarithms. 

Power  436036824287  3  j  11.  6395233 

Root  7583  3.  8798411 


2.  What  is  the  squre  root  of  92613 

Numb. 
Power    9261 
Root  21 

3.  What  is  the  square  root  of  9801  ? 

Numb. 
Power    98®1 
Root  99 

4.  What  is  the  square  root  of  365  ? 

Numb. 
Power     365 
Root  19.10493 

5.  Required  the  cube  root  of  12345  ? 

Numb. 
Power  12345 
Root  23.11162, 


&  What  is  the  10th  root  of  2  ? 
Numb. 
Power      2 

Root  1.000121 


Log. 
3  |  3.  9669579 
1.  3222193 


Log. 
2  |  3.  9912704 
1.  9956352 


Log. 
2  |  2.  5622929 
1.  2811465 


Log. 
3  |  4.  0914911 
1.  3638304 


Log. 

10  |  0.  3010300 
O.  0301030 
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Required  the  10th  root  of  6948  ? 
Numb. 
Power  6948 
Root  2.422 


6.  What  is  100th  root  of  983  ? 
Numb. 
Power     983 
Root  1.071 


9.  Required  the  365th  root  of  1.045  I 
Numb. 
Power  1.045 
Root      1.00121 


*10.  Required  to  find  the  10000th  root  of  49680000  > 
Numb.  Log. 

Power  49680000  10000  |  7.   6961816 

Root   1.0017899  0.  0006961 


10  |  3. 
0- 

Log. 

8418598 
3841859 

100  |  2. 
O. 

Log. 
9925535 
0992553 

365  |  0. 
0. 

Log. 
019116^ 
0000524. 

The  Logarithms  of  Powers  given,  to  find  their  ro 

QtS. 

1.  Required  the  square  root 

of  6561 

Powers. 

Logarithms* 

' 

Root^ 

6561 

3?  8169700 

Ans. 

8i 

2.     Of 

4095 

3.   6123599 

Ans. 

64 

3.     Of 

15625 

4.    1938200 

Ans. 

125 

4.     Of 

46656 

4.   6689076 

Ans. 

216 

5.     Of 

117649 

5.  0705882 

Ans. 

343 

6.     Of 

262144 

5.  4185400 

Ans. 

512 

7.     Of 

531441 

5.   7254550 

Ans. 

729 

8.      Of 

1679616 

6.   2048674 

Ans. 

1266 

9.     Of 

5764801 

6.   7607844 

Ans. 

2401 

10.  Of 

43046721 

7.  6539400 

Ans. 

65  61 

Requ 

ived  the  cubs  root 

of  the  following  : 

numbers. 

Powers* 

Logarithms. 

Root? 

1.     Of 

1728 

3.   2375437 

Ans. 

12 

2.     Of 

8000 

3.  9030900 

Ans. 

20 

3.     Of 

15625 

4.    1938200 

Ans. 

25 

4.     Of 

19683 

4.  2940914 

Ans. 

•     27 

5.     Of 

10077696 

7.  0033614 

Ans. 

216 

6.     Of 

244140625 

8.  3876400 

Ans. 

625 

7.     Of 

68719476736 

10.  8370797 

Ans. 

4096 

*Note.  We  have  here  an  instance  of  the  great  rapidity  with 
which  arithmetical  operations  are  performed  by  the  use  of  Log* 
arithms. 
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«.     Of  999600029999  11.   9998*98      Ans.      9999 

9.  Of  205884571094649  U.   3156375      Ans.    59049 

10.  What  is  the  fourth  root  of  19987173376  ? 

Log'.  =  10.   3007512  =  Ans.  376  the  Toot, 

11.  What  is  the  fifth  root  of  307682821 106715625  ? 

Log.  =  17.  4881030  ==  Ans,  3145 

12.  What  is  the  sixth  root  of4357283810092678098897644l6> 
Log.  =  26.  6392 1 64 -f- 6  =  4.  4393694  =  275  34  the  Ans. 
15.  What  is  the  seventh  root  of 

3448/ 7 174673075 131 82492 153794673.'? 
Log.  =31.   5376642  -~  7  =  4.  5053S06  =  32017  Ans. 
14.   What  is  the  eighth  root  of 

1121016281320476236246497942460481? 
Log.  =   33.   0496120—8  =  4.   1312015  =  13527  Ans, 

Nothing  can  be  more  easy,  than  to  extract  the  roots  of  powers, 
to  which  the  logarithms  are  given,  or  may  easily  be  found.  But  a 
difficulty  may  sometimes  arise,  in  the  learner' sjinding  the  exacc 
logarithm  to  a  proposed  number,  that  is  much  greater  than  any 
in  the  Table  ;  yet  a  very  superficial  attention  to  the  nature  of 
logarithms,  will  readily  suggest  a  solution  of  this  seeming  diffi- 
culty ;  for,  as  adding  the  logarithms  of  several  numbers,  is. 
equivalent  to  multiplying  by  the  same  numbers,  and  subtracting; 
the  logarithm  of  numbers,  the  same,  as  dividing  by  those  num= 
bers ;  therefore, 

To  find  the  logarithm  to  a  proposed  number  greater  than  any 
in  the  Table. 

RULE. 
Resolve  the  given  quantity   into  such   factors,  as  will  consti- 
tute it  within  the  limits  of  the  table,  add  together  the  logarithms 
of  these  factors,  and  the  sum  will  be  the  logarithm  to  the  pro- 
posed number. 

examples. 
1.  Required  the  logarithm   of  the    natural    number,  11042? 
Here  it  is  evident,  that  dividing  the  given  quantity  by  two,  will 
constitute  it  within  the  limits  of  the  Table  ;  as  follows, 
Factors. 
2)11042(5521  Log.     3.  7420177 

2  Log.     0.  3010300 


Given  number.       11042      required  l4pe\     4.  0430477 
12 
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2.  Find  the  logarithm  of  15378. 
Factors. 

3)15378(5126 
3 


Thus., 

Log.  3.  7097786- 
Log.  0.  4771213 


Given  number      15378  required  Log.     4.   1868999 


3.  Required  to  find  the  logarithm  of  1 
Factors. 

4)17304(4326 
4 


Given  number.  17304 


;o4 


4. 


What  is  the  logarithm 


Of  19505  ? 

5. 

Of  25596  ? 

6. 

Of  39126? 

7. 

Of  57320  ? 

8. 

Of  71464  ? 

9. 

Of  89897  ? 

10. 

Of  119844  ? 

11. 

Of  217975  ? 

12. 

Of  3089725? 

Log. 

3.  6360805 

Log- 

0.  6020600 

required  Log. 

4.  2381405 

Logarithms. 

Ans. 

4.  2923668 

Ans. 

4.  4081722 

Ans. 

4.  5924655 

Ans. 

4.  7583062 

Ans. 

4.  854087o 

Ans. 

4.  9513229 

Ans. 

5.  0786162 

Ans. 

5.  3384067 

Ans. 

6.  4899199 

CASE  II. 

When  there  are  cyphers  on  the  right  hand  of  the  given  num- 
ber. 

RULE. 

Find  a  logarithm  to  the  significant  figures,  as  before,  and  in- 
crease the  index  by  as  many  units,  as  there  are  cyphers  on  the 
right  of  the  given  number. 

EXAMPLES. 

1.  What  is  the  logarithm  of  57640  ? 
The   logarithm  of    5764  is  3    7607240 


index  3,  by  1  ;  we  shall  have  4.  7607240 
57640 

2.  Required  the  logarithm 


and   increasing    the 
for    the    logarithm  of 


Of 

-586400 

Ans. 

5. 

7681940 

o. 

Of 

6495000 

Ans. 

6. 

8125792 

4. 

Of 

72970000 

Ans. 

7. 

8632634 

5. 

Of 

9101U0000 

Ans. 

8. 

959089  1 

6 

Of 

44.973.O00...O0O 

Ans. 

10. 

652. 
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PRACTICAL  QUESTIONS   IN  EVOLUTION  AND 
INVOL  UTION. 

BROBLEM  I. 

To  find  a  mean  proportional  between  two  numbers. 

RULE. 
Add  together  the  logarithms  of  the   given  numbers,   divide 
the  sum  by  2  ;  the  quotient  will  be  the  logarithm  of  the  mean 
proportional  required. 

1.  Required  the  mean  proportional  between     45  and  ISO. 

1.  6532125 
Thus   -l  180  =  2.  2552725 


r  45  = 

<j   180  = 


2)3.  9084850 
Mean  proportional  required        90  =  1.  9542425 

2.  Required  a  mean  proportional  to  the  numbers  64  and  25  6 

Ans.   12S 
PROBLEM  II. 
Any  number  of  soldiers  being  given,  to  place  them  in  a  square 
Battalia  of  men. 

RULE. 
Divide  the  logarithm  of  the  given  number  by  2  ;  the  quotient 
will  be  the  logarithm  of  the  answer. 

3.  Let  9216  men  be  ordered  to  form  a  square   battalia  ;  how 
many  must  stand  in  rank  and  file  ? 

9216  2)3.  9645425  Log. 

Ans.  96  1.  9822712 

4.  How  many  must  stand  in  rank  and  file,  so  that  5625  men 
shall  compose  a  square  ?  Ans.  75 

5.  Let  8450  men  be  so  formed,  as  that  the  number  in  rank 
may  be  double  the  number  in  file. 

4450  -i-2  =  4225  =  log.  3.   6258267  -~  2  =  1.  8129133  =    65 
2)8450 

4225  log.        2)3.   6258267 

Ans.  65         in  file.  1.  8129133 

Multiply         2 


And  130  in  rank. 


Note.  When  the  question  requires  double,  trible,  or  quadru- 
ple, the  number  of  men  to  stand  in  rank,  as  in  file  ;  divide  the 
logarithm  of-,  -f-  J  kc.  of  the  given  number  by  2,  the  quotient 
will  be  the  number  in  file,  which  double,  triple,  quadruple 
j&c.  and  the  product- will  be  the  number  in  rank. 
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6.  Required  to  set  out  27648  fruit  trees,  so  that  the  number 
in  length,  shall  be  to  the  number  in  breadth  as  3  is  to  1  ;  how- 
must  they  be  placed  ? 

Ans.  288  in  length,  and  96  in  breadth. 
PROHLKM  III. 
Any  two  sides  of  a  rightangled  triangle  being   given,  to  find 
the  other  side.  * 

Case  1.  When  the  base  and  perpendicular  are  given,  to  find 
the  hypothenusc. 

RULE. 
Add  the  squares  of  the   two  legs  together,  and   extract  the 
square  root  of  the  sum. 

7.  A  triangular  piece  of  ground  measures  30  rods  on  one  side, 
and  40  rods  on  another  ;  required  the  length  of  the  remaining, 
or  longest  side. 

30  X  30  =     900 
40  X  40  =   1600 

2500(50  hypothenuse,  or 
•25  longest  side 

oo 

8.  Required  the  length  of  a  brace  in  a  building,  so  that  the 
lower  end  of  it  shall  be  8  feet,  and  the  upper  end,  6  feet  from 
the  right  angle.  Ans.  10  feet. 

9.  Suppose  the  lower  end  of  the  brace  to  rest  in  a  post  3  feet, 
and  the  upper  end  framed  into  a  plate  2  feet  3  inches  from  the 
right  angle  :  required  its  length.  Ans.  3  feet  9  inches. 

10.  What  will  be  the  length  of  a  brace,  when  it  is  required 
that  the  distances  from  the  right  angle  to  either  end,  should  be 
2  feet  6  inches,  and  3  feet  4  inches  ?         Ans.  4  feet  2  inches. 

1 1.  Two  stages  start  from  the  same  place  ;  one  goes  directly 
south  at  the  rate  of  9  miles  an  hour,  for  3  hours,  the  other  due 
west,  for  4  hours,  at  the  same  rate  ;  in  what  time  would  they 
now  meet,  were  their  course  turned  directly  towards  each  other, 
continuing  at  the  same  rate  per  hour  ?  Ans.  24-  hours. 

12.  Required  the  length  of  a  scaling  ladder,  to  reach  the  top 
of  a  wall,  whose  height  is  28  feet,  the  breadth  of  the  ditch  be- 
fore it  beins;  45  feet  ?  Ans.  53  feet. 


*  Note.  The  square  of  the  hypothenuse,  or  the  longest  side 
of  a  rightangled  triangle  (by  47th.  Theorem  B.  1.  Euc.)  is 
equal  to  the  sum  of  the  squares  of  the  other  two  sides  ;  and 
consequently  the  the  difference  of  the  squares  of  the  hypothe- 
nuse  and  either  of  the  other  sides  is  the  square  of  the  remain- 


ing side 
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PROBLEM  IV. 

CASE  2. 

The  hypothenuse  and  one  leg.  being  given,  to  find  the  other 
kg. 

RULE. 

Subtract  the  square  of  the  given  leg.  from  the  square  of  the 
hypothenuse,  and  extract  the  square  root  of  the  difference. 

13.  What  is  the  perpendicular  of  a  right  angle  triangle,  whose 
base  is  56  feet,  and  hypothenuse  65  ?  Ans.  33  feet. 

14.  What  is  the  base  of  a  right  angled  triangle,  the  hypothe- 
nuse being  159  feet,  and  the  perpendicular  84  feet  ? 

Ans.    135  feet. 

15.  A  line  of  65  yards  will  reach  from  the  top  of  a  precipice, 
standing  close  by  the  side  of  a  brook,  to  the  opposite  bank  ;  re- 
quired the  breadth  of  the  brook,  the  heighth  of  the  precipice 
being  33  yards  ?  Ans.  56  feet. 

1 6.  A  ladder  of  50  feet  long,  being  placed  in  a  street,  reached 
a  window  28  feet  from  the  ground  on  one  side  ;  and  by  turning 
the  ladder  over,  without  removing  the  foot,  it  touched  a  mould- 
ing 36  feet  high  on  the  other  side  ;  required  the  breadth  of  the 
street.  Ans.  76.   1233335  feet. 

17.  Two  ships  sail  from  the  same  port;  one,  due  east  84 
leagues,  and  the  other,  directly  south  135  leagues:  how  far  are 
they  asunder  ?*  Ans.   159  leagues. 

PROBLEM  V. 
To  find  the  circumference  of  a  circle  from  its  diameter. 

RULE. 
Multiply  the  diameter  by   3.14159 

OR 

Multiply  the  diameter  by  355,  and  divide  the  product  by  1  IS, 
Ex.   1.  If  the  diameter  of  the  earth  be  7930   miles,   what  is 
the  circumference  ?  3.   14159  X  7930  =  24913  miles. 

2.  Kow  many  miles  does  the  earth  move,  in  revolving  round 
the  sun  ;  supposing  the  orbit  to  be  a  circle,  whose  diameter  is 
190  million  miles?  Ans.  596,902,100. 

3.  If  the  diameter  of  a  wheel  be  4*  feet  ;  what  is  the  circum 
ference?  Ans.  14  feet  J |  inches. 


*Note.  The  square  root  may  in  the  same  manner  be  applied 
to  navigation  ;  and  when  deprived  of  other  means  of  solving 
problems  of  that  nature,  the  following  proportion  will  serve  to 
find  the  course. 

As  the  sum  of  the  hypothenuse  (or  distance)  and  half  the 
greater  leg.  (whether  difference  of  latitude,  or  departure)  is  to 
the  less  leg.  so  is  86,  to  the  sine  of  the  angle  opposite  the  less 
leg. 
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4.  What  is  the  circumference  of  a  circular  island,  whose 
diameter  is  45  rods  ?  Ans.  141  rods,  1T'7  yard. 

5.  What  is  the  whole  distance  of  space,  through  which  the 
planet  Hcrshcl  moves,  in  revolving*  round  the  center  of  the  sys- 
tem, supposing  its  orbit  to  be  a  circle,  whose  diameter  is  1,800 
iiiiilions  miles"?  Ans.  11,309,724,000  miles. 

PROBLEM  VI. 
To  find  the  diameteu  of  a  circle  from  its  circumference. 

RULE. 
Divide  the  circumference  by  3.14159 

OR 

Multiply  the  circumference  by  113,  and  divide  the  product  by 
i>55  :  Or  multiply  the  circumference  by  .31831,  and  the  product 
will  be  the  diameter. 

Ex.  1.  If  the  circumference  of  the  earth  be  24913  miles, 
what  is  the  diameter  ?  Ans.  7930  miles. 

2.  If  the  periphery  of  a  wheel  be  G  feci  6  inches;  what  is  it? 
diameter  i  Ans.  2  feet  -^  inches. 

3.  If  the  circumference  of  the  Sun  be  2,800,000  miles,  what 
is  his  diameter  ?  Ans.  891,267  miles. 

4.  If  the  circumference  of  the  Moon  be  6850  miles,  what  is 
her  diameter  ?  Ans.  2180  miles. 

5.  If  the  whole  extent  of  the  earth's  orbit  be  596,902,100 
miles  how  far  are  we  from  the  Sun  ?  Ans.  95,000,000miles. 

PROBLEM  VII. 
To  find  the  Area  of  a  circle. 
RULE. 
Multiply  the  square  of  the  diameter  by  .7854 

OR 

Multiply  half  the  diameter  into  half  the  circumference. 
Ex.   1.  What  is  the  area  of  a  circle  whose  diameter  is  623  r 

Ans.   304836 

2.  How  many  acres  arc  there  in  a  circular  island,  whose  di- 
ameter is  124  rods  ?  Ans.  75  acres,  76  rods. 

3.  What  is  the,  area  of  a  circle,  whose  diameter  is  7  feet. 

Ans.  38.4846 

4.  How  many  square  ards  yare  in  a  circle,  whose  diameter  is 
34  feet  ?  Ans.    1.  069 

5.  What  is  the  area  of  a  circle,  whose  diameter  is  1,  and 
whose  circumference  is  3.  14159  i"  Ans.  .7854 

If  the  diameter  of  a  circle  is  not  given,  the  area  may  be  found 
by  multiplying  the  square  of  the  circumference  by  .07958.  (Sup 
Euc.  8.  1.) 

Ex.  1.  What  is  the  area  of  a  circle,  whose  circumference  is 
:  56  feet  ?  Ans.  1472  feet. 
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2.  What  is  the  surface  of  a  circular  fish  pond,  which  is  10 
rods  in  circumference  ?  Ans.  7.  95800  rods. 

PROBLEM  VIII. 

To  find  the  diameter  of  the  earth,  from  the  known  height  of  a 
distajit  mountain^  whose  summit  is  just  visible  in  the  horizon. 

RULE. 

*From  the  square  of  the  height,  subtract  the  height. 

Ex.  1.  The  summit  of  Mount  Chimb.orazo  in  South  America-. 
is  about  4  miles  above  the  level  of  the  ocean.  If  a  strait  line, 
from  this  touch  the  surface  of  the  water  at  the  distance  of  178{ 
miles  ;  what  is  the  diameter  of  the  earth  ?     Aas.  7940  miles. 

2.  The  White  Mountains  in  New-Hampshire  are  about  710O 
feet  high  above  the  level  of  Connecticut  River  ;  and  a  strait  line 
from  the  summit  of  the  mountains  will  touch  the  surface  of  the. 
water  at  the  distance  o1f  103|  miles,  what  is  the  diameter  of  the 
earth?  Ans.  7940  miles. 

PROBLEM  IX. 

To  find  the  greatest  distance  at  which  a  given  object  can  be 
seen  on  the  surface  of  the  earth. 

RULE. 

To  the  product  of  the  height  of  the  object  into  the  diameter 
of  the  earth,  add  the  square  of  the  height,  and  extract  the  square 
root  of  the  sum. 

Ex.  1.  If  the  diameter  of  the  earth  be  7940  miles,  and 
Mount  ^Etna  2  miles  high,  how  far  can  its  summit  be  seen  at 
sea  ?  Ans.   126  miles. 

2.  Suppose  the  diameter  of  the  earth  as  in  the  first  example'; 
at  what  distance  may  a  steeple  be  seen  on  level  ground,  allow- 
ing it  to  be  165  feet  in  height  ?  Ans.  %\\  miles. 

If  a  man  standing  on  a  level  plain,  has  his  eye  elevated  5|  feet 
above  the  ground ;  to  what  distance  can  he  see  the  surface  of 
the  plain  ?  Ans.  2--J  miles. 

4  The  top  of  a  ship's  mast  132  feet  high  is  just  visible  in  the 
horizon,  to  an  observer  on  the  deck  of  another  ship  33  feet  from 
the  surface  of  the  water  ;  how  far  are  they  asunder  ? 

Ans.  21-g-  miles. 


*Note  1.  See  Euclid's  Eliments,  36.  3. 

Note.  2.  The  actuel  distance  at  which  an  object  can  be  seen,  is 
increased  by  the  refraction  of  the  rays  of  light  in  the  air.  (See 
End.  Nat.  Phil.)  But  if  no  allowance  be  made  for  this  refraction, 
the  distance  to  which  a  person  can  see  the  plane  surface  of  the 
ocean,  is  equal  to  a  tangent  to  the  earth  drawn  from  the  ob- 
server's eye; 
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PROBLEM  X. 

To  find  the  Area  of  a  Triangle. 
RULE. 
Multiply  the  base  of  the  given  triangle  into    half  its    pctpen- 
dicular  height  ;  or  half  the  base  into  the  whole  perpendicular, 
and  the  product  will  be  the  answer. 

Ex.  1.  Required  the  area  of  a  tri'angle  whose  base,  or  longest 
side  is  36  inches,  and  the  perpendicular  height  16  inches. 

Ans.  36X8=  288  inches. 
2.  Required  the  area  of  a  triangular  garden,  whose    base,  or 
longest  side  is  15.6  rods,  and  the  perpendicular    opposite    the 
base  is  9  rods.  Ans.  70.2  rods. 

PROBLEM  XL 
Tofnd  the  convex  surface  of  a   Cylinder* 
*Diffi.nition.  A  Cylinder  is  a  round  body  whose  basesarc  cir- 
cles, like  a  round  column  or  stick  of  timber  of  equal  bigness 
from  end  to  end. 

RULE. 
Multiply  the  length  into  the  circumference  of  the  base. 
Ex.  1.  How  many  square  feet  in    the  superficial  contents  cf  a 
cylinder  which  is  42  feet  long,  and  15  inches  in  diameter. 

Ans.  42  X  1.25  X  3.14159  =  164.933  square  feet. 
2..  Required  the  convex  surface  of  a  cylindrical  slick  of  tim 
ber,  whose  axis  is  5  feet,  and  the  diameter  7  inches. 

Ans.   1520  inches. 
PROBLEM  XII. 
To  find  the  solidity  of  a  Cylinder. 

RULE. 
Find  the  area  of  the  base  (by  Prob.  VII.)  which  multiply  intc 
the  length,  and  the  product  will  be  the  solid  contents. 

1.  What  is  the  solid  contents  of  a  round  stick  of  timber  whose 
diameter  is  18  inches,  and  length  20  feet  ?    . 
18  in.  =  1.5  ft. 
X  1.5 

2.25  X  .7854  =  1.76715  area  of  base 
Or  18  inches  20  length. 


18  inches.  Ans.     35-34300 

:24  X-7854  =  254-4696  inches,  area  ef  the  basev 
20  length  in  feet. 


144)5089-3920(35-543  solid  feet,  Ans. 
2.  What  is  the  solidity  of  cylinder,  whose  length  is   121,  and 
diameter  45.2  ?  Ans.  45.2xX-7854Xl21  =  194156.6. 
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PROBLEM  XIIL 

To  find  the  solidity  of  a  Cone. 

Deffinition.  A  Cone  is  a  solid  whose  base  is  a  circle,  from 
•which  it  decreases  gradually  to  a  point  in  the  top,  called  the 
Vertex. 

A  line  drawn  from  the  vertex,  perpendicular  to  the  base,  is  call- 
ed the  height  of  the  cone. 

RULE. 

Multiply  jthe  area  of  the  base  by  the  height,  and  \  of  the 
product  will  be  the  content. 

Ex.  1.  What  is  the  solidity  of  a  cone,  whose  height  is  12 
feet  6  inches,  and  the  diameter  of  the  base  2  feet  6  inches  ? 

2-52  X-7854X  12-5—3  =  20-453125  feet,  Ans. 

2.  Required  the  solidity  of  a  conical  monument,  that  is  9  feet 
high,  and  the  diameter  of  its  base  21  feet.    . 

Ans.   14-726250  feet, 
PROBLEM  XIV. 

To  find  the  solidity  of  a  Trust  rum  of  a  cone. 

Deffinition.  A  Frustrum  of  a  cone  is  what  remains  after  any 
portion  of  the  upper  end  is  cut  off,  by  a  plane  paralell  to  the 
base. 

RULE. 

Add  together  the  areas  of  the  two  ends,  and  the  square  root 
of  the  product  of  these  areas  ;  and  multiply  the  sum  by  |  of 
the  perpendicular  height,  and  the  result  will  be  the  solid  con- 
tent. 

OR 

2.  Divide  the  difference  of  tne  cubes  of  the  diameters  of  the 
two  ends,  by  the  difference  of  the  diameters,  and  this  quotient, 
being  multiplied  by  -7854  and  again  by  i  of  the  height,  will  give 
the  solidity. 

EXAMPLES. 

1.  Required  the  solidity  #f  a  frustrum  of  a  cone,  whose  altitude, 
or  height  is  18  feet,the  greatest  diameter  8  feel,  and  the  least  4 
feet.  By  the   1st.  Rule. 

82  X  -7854  =        50-2656,  =  area  of  base. 
42  X  -7854  =        12-5664,  =  do.  of  the  other  end. 
-v/12-5664  X  50-2656  =  25-1328,  ==  Vthe  pro'd  of  the  2  areas. 
Multiply  37-9648   the  sum 

by  -i  of  1 8  =  6 


Ans.         527  7883  solid  inches, 


By  the  2d.  Rule. 

S~ — 13  =  448  -f-  (8—4)  =r.   112  X  '7854  X  6  = 

527*7888  in.  Ans. 
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= 

1  cubic  foot 

= 

1  cubic  yard, 

= 

1  cubic  rod, 

~ 

1  cubic  mile, 

= 

1    ale  gallon, 

■=-. 

1  wine  gallon, 

1  bushel, 

ighs 

1000  ounces,  Avoir 
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The  latter  method,  in  many  cases,  will  be  found  preferable  t5 
the  former  in  point  of  expidition. 

2.  What  is  the  content  of  the  frusti  um  of  a  conical  block, 
whose  height  is  20  inches,  and  the  diameter  of  its  two  ends  28 
and  20  inches  ?  Ans.  9131-5840 

The  number  of  gallons  or  bushels  which  a  vessel  will  contain 
may  be  found,  by  calculating  the  capacity  in  inches,  and  then 
dividing  by  the  number  of  inches  in  1  gallon  or  bushel  ;  as  by 
the  following 

TABLJ2,   OF  SOLID  MEASURE. 
1728     cubic  inches 
27     cubic  feet 
44921     cubic  feet 
52768000     cubic  rods 

282     cubic  inches 

231     cubic  inches 

2150-42     cubic  inches 

1   cubic  foot  of  pure  wate 
dupois,  or  62A  pounds. 

EXAMPLES. 

1.  Wha«t  is  the  capacity  of  a  conical  cistern,  which  is  9  fee* 
deep,  4  feet  in  diameter  at  the  bottom,  and  3  feet  at  the  top  ? 

Ans.  87-18  cubic  feet  X  7-4805*  =  652-15  wine  gallons. 

2.  How  many  gallons  of  ale  can  be  put  into  a  vat  in  the  form  o£ 
a  conic  frustrum,  if  the  larger  diameter  be  7  feet,  the  smaller 
diameter  6  feet  and  the  depth  8  feet  ?  Ans.   1  886-5458  gallons. 

3.  There  is  a  cistern  in  a  distillery  whose  altitude  is  10  feet, 
the  greater  diameter  14  feet,  and  the  smaller  diameter  12  feet ; 
required  its  capacity  in  hogsheads. 

143 — 103  ^.  14 — 12  X  -7854  X  -1/  X  7-4805  ~-  63  = 

Ans.   157-918193  hhd, 
PROBLEM  XV. 
To  Jind  the  surface  of  a   Sfiherc* 

Definition.  A  Sphere,  or  globe  is  a  round  solid  body,  in 
the  center  of  which  is  a  point,  from  which  all  lines  drawn  to 
the  surface  are  equal. 

RULE. 
Multiply  the  diameter  by  the  circumference. 
Note.  In  like  manner,  the  convex  surface  of  an'y  zone  or  seg- 
ment is  found  by  multiplying  its  height  by  the  whole  circum- 
ference of  the  sphere. 


*  Note.  When  the  capacity  is  in  feet,  multiply  by  7-4805,  be- 
cause L\\\  =  7-4S05  the  number  of  wine  gallons  in  1  cubic  foot- 
When  the  ale  gallon  is  required,  multiply  the  feet  by  6-1276, 
because  J-|||  =  6-1276  ;  but  if  the  capacity  be  calculated  in 
Inches  divied  \\y  the  number  of  cubic  inches,  in  the  gallon. 
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EXAMPLES. 

1.  What  is  the  convex  surface  of  a  sphere,  whose  diameter 
?s  7  inches,  and  circumference  22  inches  ? 

Ans.  7  X  22  =154  in. 

2  Required  the  surface  of  a  globe,  whose  diameter  or  axis, 
is  24  inches.  24  X  3-14159  X  24  =      1809-5616  inches,  Ans. 

3.  Considering  the  earth  as  a  sphere,  whose  circumference  is 
25000  miles  ;  how  many  square  miles  are  there  on  its  surface  ? 

Ans.    198943750  sq.  miles. 

4.  The  axis  of  a  sphere  being  42  inches,  what  is  the  convex 
superficies  of  the  segment,  whose  height  is  9  inches  ? 

Ans.  42  X  3-14156  X  9  =  1 1875248  inches. 

5.  If  the  circumference  of  the  sun  be  2800000  miles,  what  is 
the  surface  ?  Ans.  2495547600000  sq.  miles, 

PROBLEM  XVI. 
To  find  the  solidity  o/a  Sphere. 
RULE. 

1.  Multiply  the  cube  of  the  diameter  by  '5236. 

OR 

2.  Multiply  the  square  of  the  diameter  by  £  of  the  circum* 
ference. 

OR 

3.  Multiply  the  surface  by  i  of  the  the  diameter. 

EXAMPLES. 

1.  What  is  the  solidity  of  a  sphere,  whose  diameter  is  1  foot  :' 

123  X  -5236  =  904-7808  inches,  Ans, 
Gr  122  X  6-28318  =  904-7808  inches. 
Or  452-38896  X  2  =  904-7808  inches. 

2.  What  is  the  solid  content  of  a    sphere  4  feet  6  inches  in 
iameter  ?  Ans.  47.7130500  feet. 

3.  Required  the  number  of  solid  miles  contained  in  the  earth, 
supposing  its  circumference  to  be,  25000  miles. 

Ans.  263858149120  miles. 

4.  How  many  wine  gallons  will  fill  a  hollow  sphere  2  feet  8 
inches  in  diameter  ? 

The  capacity  is  9.9288  feet  X  7.4805  =  1  hhd.  1 1.27  gallons. 

5.  How  many  gallons  of  water  may  be  put  into  a  hollow- 
sphere  that  is  4  feet  in  diameter,  and  what  will  be  the  weight  of 
the  water  ? 


Note.  The  numbers  3-14159,  -7854,  -5236,  should  be  made 
perfectly  familliar.  Theirs?  expresses  the  ratio  of  the  cir- 
cumference of  a  circle  to  the  diameter  ;  the  second,  the  ratio  of 
the  area  of  a  circle  to  the  square  of  the  diameter  ;  and  the 
third,  the  ratio  of  the  solidity  of  a  sphere  to  the  cube  of  the -di- 
ameter. 

The  "second  is  {,  and  the  third  is  |  of  the  first. 
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Ans.  205.33832704  gallons,  and  the  weight  is  12833.645441b, 

6.  If  the  diameter  of  the  moon  be  2180  miles,  what  is  her 
solidity  ?  Ans.  542  4G00000  miles. 

When  the  solidity  of  a  sphere  is  given,  the  diameter  may  be 
found  by  dividing  the  solidity  by  .5236,  and  extracting  the  cube 
root  of  the  quotient. 

7.  What  is  the  diameter  of  a  sphere,  whose  solidity  is  65.45 
cubic  feet  ?  3v/|f'H  =  5  feet  Ans. 

8.  What  must  be  the  diameter  of  a  sphere,  to  contain  105  J 
gallons  of  wine  ?  Ans.  3  feet. 

9.  Required  the  diameter  of  a  globe,  to  contain  16755  pounds 
of  water.  Ans.  8  feet. 

1-0.  How  many  globes  that  are  3  inches  each  in  diameter,  are 
equal  to  another  globe  whose  diameter  is  12  inches  ? 

Ans.   64. 

Note.  The  solid  contents  of  similar  figures  are  in  proportion 
to  each  other,  as  the  cubes  of  their  homologous  sides,  or  diam- 
eters.    Euc.  El. 

12.  If  a  cannon  ball  6  inches  in  diameter,  weigh  321b.  what 
■will  another  ball  weigh,  whose  diameter  is  3  inches  ? 

63  =  216  and  33  =  27,  then  as  216  :  32  :  :  27  :  4  lb.  Ans. 

13.  If  a  metalic  globe  8  inches  in  diameter,  weigh  72  lb. 
what  will  be  the  weight  of  a  globe  of  the  same  metal,  whose  di- 
ameter shall  be  4  inches  ?  Ans.  9  lb. 

14.  If  a  globe  of  silver  3  inches  in  diameter,  be  worth  gl50; 
how  many  such  globes  will  be  equal  in  value   to  S9600  ? 

Ans.  64. 


ANNUITIES,  OR  PENSIONS. 

An  Annuity,  is  a  sum  of  money  payable  every  year,  for  a 
certain  number  of  years,  or  forever. 

When  the  debtor  keeps  the  annuity  in  his  own  hands  beyond 
the  time  of  payment,  it  is  said  to  be  in  Arrears. 

The  sum  of  all  the  annuities  for  the  time  they  have  been  for- 
born  together  with  the  interest  due  upon  each,  is  called  the 
Amount. 

If  an  annuity  be  bought  off,  or  paid  all  at  once,  at  the  begin- 
ning of  the  first  year,  the  price,  which  ought  to  be  given  for  it, 
is  called  the  Present  Worth. 

To  find  the  amount  of  an  Annuity  at  Simple  Interest, 
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RULE. 

1.  Find  the  sum  of  the  natural  scries  of  numbers,  1,  2,  3,  Sec, 
up  to  the  given  nnmber  of  years  wanting  one. 

2.  Multiply  this  sum  by  one  year's  interest  of  the  annuity,  and 
the  product  will  be  the  whole  interest  due  upon  the  annuity. 

3.  To  this  product  add  the  product  of  the  annuity  multiplied 
into  the  time,  and  the  sum  will  be  the  amount  sought. 

EXAMPLES. 

1.  What  is  the  amount   of  an  aanuity  of  £50  for  7  years,  al- 
lowing simple  interest  at  5  pr.  cent  ? 

I  -j-  2    -'  3  -f-  4  -{-5-f  6  =  21  =3X7 
£2   10s.  =  1  years  interest  of  50/. 


7    10 
7 

52    10 

!50      0  =  ^50X7 


^*402   10  =  amount  required. 

2.  If  a  pension  of  g600  pr.  annum  be  forborn  5  years,  what 
will  it  amount  to,  allowing  6  pr.  cent  simple  interest  ? 

Ans.  83360 

3.  If  a  salary  of  S750  annually,  remain  unpaid  for  4  years, 
how  much  miust  be  paid  at  the  end  of  said  term,  allowing  A\  pr. 
cent  simple  interest.  Ans.  gS202  50 

To  find  the  fire  sent  worth  of  an  Annuity  at  Simjile  Interest. 
RULE. 

Pind  the  present  worth  of  each  year  by  itself,  discounting  from 
the  time  it  becomes  due,  and  the  sum  of  all  these  will  be  the 
present  worth  required. 

EXAMPLES. 

1.  What  is  the  present  worth  of  an  annuity  of S 100,  to  con- 
tinue 5  years,  at  6  pr.  cent  pr.  annum  simple  interest  ? 
106")  f94.3396  =  present  worth  for  1st  year. 

112  I  J  89.2857  =  "  2d  year, 

128  )>  :    100  :   :    100  :    <J  84.7457  =  «  3d  year, 

124  J  (80.6451=  "  4th  year. 

130J  L76.9230  =  "  5th  year. 


425.9391  =  g425    93   cts.   9  m.  T\  = 
present  worth  of  the  annuity  required. 

2.  What  is  the  present  worth  of  §400  pr.  annum,  to  continue 
4  years  at  6  pr.  cent  ?  Ans.  £1 396.06503 
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3.  What  is  the  present  worth  of  an  annuity,  or  pension  of 
£  ,500,  to  continue  4  years,  at  5  pr.  cent  pr.  annum,  simple  inter- 
est ?  Ans.  £\7S2  3s.  8*d. 

To  find  thh  Amount  of  an  Annuity  at  Compound  interest. 
RULE. 

1.  Make  1  the  first  term  of  a  geometrical  progression,  and 
the  amount  of  £1.  or  gl  for  one  year,  at  the  given  rate  pp.  cent, 
the  ratio. 

2.  Carry  the  series  to  as  many  terms  as  the  number  of  years^ 
and  find  its  sum. 

3.  Multiply  the  sum  thus  found  by  the  given  annuity,  the 
ffroduct  will  be  the  amount  sought. 

EXAMPLES. 

1.  II  a  salary  of  g600  be  forborn  (or  remain  unpaid)  7  years  ; 
what  will  it  amount  to  at  6  pr.  cent  pr.  annum,  compound  inter-. 
est|?l+  1.060000  -J.  1.123600  -f  1.19  101 16+  1 .262476  -f  1.338225 
-j- 1.4185  19-/- 1.503630  =  8.897466  =s  sum  of  the  series.* 

Multiplied  by  600 
gives  5338.4796=  g5338  47  cts.  9^  m.  the   amount 
sought. 

Or,  By  Table  III. 
Multiply  the  Tabular  number  under  the  rate,  and  opposite  to 
the  time,   by  the  annuity,  and  the   product  will  be  the  amount 
sought. 

2.  If  a  pension  of  g!75  pr.  annum,  be  forborn  20  years,  at  6 
pr.  cent  compound  interest ;  what  is  the  amount  ? 

Tabular  number  =  36.785590 

175        Annuity. 


Ans.    6437.478250=  g6437.47  C.  81  m/ 


3.  Suppose  g  50  pr.  annum,  with  compound  interest  at  5|pr. 
ecnt.be  10  years  in  arrears  ;  required  the  amount. 

Tabular  number  =  12-875354  X  50  =  g  643-76c.7m.     Ans. 

4.  What  will  a  pension  of  £  120  pr.  annum,  amount  W   in  S 
years,  at  5  pr.  cent,  compound  interest  ?  Ans.  £ZT8  6s. 

5.  The  salary  of  the  President  of  the  United  States,  i?g  25000, 
supposing  the  whole  be  in  arrears  during  the  period  of  his  clec- 


*The  sum  of  the  series  thus  found,  is  the  amount  of /"l,  or 
SI  annuity,  for  the  given  time,  which  may  be  found  in  Table 
III,  ready  calculated.  (The  method  of  constructing  these  Ta- 
bles ivill  be  shown  hereafter. J 

Hence,  cither  the  amount,  or  present  worth  of  annuities, 
continuing  for  a  term  not  exceeding  40  yean,  may  readily  bo 
found  by  the  Tables  for  that  purpose. 
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\t6n>  or  4  years  ;  what  would  then  be  the  amount  of  his  salary, 
allowing  6  pr.  cent,  compound  interest  ?      Ans.  £  109365,40 

To  find  the  fire  sent  worth  of  Annuities  at  Comjiound  Interest, 
RULE. 

1.  Divide  the  annuity  by  the  ratio,  or  the  amount  of  S  l,«r 
£\  for  one  year,  and  the  quotient  will  be  the  present  worth  of 
the  first  year's  annuity. 

2.  Divide  the  annuity  by  the  square  of  the  ratio,  and  the  quo- 
tient will  be  the  present  worth  of  the  annuity  for  the  second 
year. 

3.  Find,  in  like  manner,  the  present  worth  of  each  year  by 
itself,  and  the  sum  of  all  these  will  be  the  present  worth  of  the 
annuity  sought. 

EXAMPLES. 

1.  What  is  the  present  worth  of  an  annuity  of  g  40  to  con- 
tinue 5  years,  discounting  at  5  pr.  cent.  pr.  annum,  compound 
interest  ? 

Ratio)1^:          1-05)40-  00000(38-095  =  present  worth  1st.  year.. 

Ratio)*  —      1-1025)40-  00000(36-281  =              «  2d.  yea*. 

Ralio)^—    1-57525)40-  00000(34-556=              "  3d.  year. 

Ratio)*  =  1-2  15506)40-   00000(32  899  =               «  4th.  year, 

Ratio)5..  1-2762  18)40.  00000(31-342  =              «  5th. year, 

173173=  S  1.73   17c.  3m.    whole 
present  worth  of  the  annuity  required. 

Or,  By  Table  IV, 
Multiply  the  tabular  number  under  the  rate  and  opposite  to 
the  time,  by  the  annuity,  and  the  product   will  be    the   present 
worth  required. 

2.  What  is  the  present  worth  of  an  annuity  of  g  50  to  con- 
tinue 5  years,  at  6  pr.  cent,  pr.  annum,  compound  interest  ? 

Tabular  number  =  4-21236  X  50  ==  Ans.  g2!0  61    8 

3.  If  the  pension  of  an  officer,  serving  in  the  Revolutionary 
War,  be  20  dollars  a  month,  or  240  dollars  annually  ;  what  is 
Us  present  worth,  allowing  a  discount  of  6  pr.  cent,  pr.  annum, 
compound  interest,  supposing  it  to  continue   10  years  ? 

Ans.   S  1766  41c.  9^m.. 
To  find  the  present  worth  of  a  Freehold  Estate,   or    an 
Annuity  to  continue  for  e~ver,  at   Compound  Interest. 

RULE. 
As  the  ratepr.  cent,  is  to  %   100,  so  is  the  yearly  income  to 
the  value  required. 

1.  What  is  the  worth  of  a  freehold  estate  of  S  40  pr.  annum, 
Allowing  5  pr.  cent,  to  the  purchaser  ? 

As  5   :    100  :   :  40  :     £  &00  Ans, 
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2.  What  is  a  freehold  estate  of  £75  a  year  worth,  allowing 
the  buyer  6  pr.  cent,  compound  interest  for  his  money  ? 

Ans.  £1250 

"3.  An  estate  brings  in  yearly  g  79-20  what  would  it  sell  for,  al- 
lowing the  purchaser  4^  pr.  cent,  compound  interest  for  his 
money  ?  Ans.  S  1760. 

To  [find  the  present  worth  of  an  Annuity  ,  or  Freehold  Estate 
in  Reversion  at  compound  interest. 

RULE. 

Find  the  present  value  of  the  estate  (by  the  foregoing  rule) 
as  though  it  were  to  be  entered  on  immediately,  and  divide  said 
value  by  that  power  of  the  ratio  denoted  by  the  time  of  rever- 
sion, and  the  quotient  will  be  the  present  worth  of  the  Estate 
in  Reversion. 

EXAMPLES. 

P.  The  reversion  of  a  freehold  estate  of /"79.4s.  pr.  annum,  to 
commence  7  years  hence,  is  to  be  sold  ;  what  is  it  worth  in 
ready  money,  allowing  the  purchaser  A\  pr.  cent,  for  his  money? 

As  4  5  :  100  :  :  79-2  :  1760  =  present  worth,  if  entered  on 
immediately. 

And  l-045)7=  1-360862)1760  000(1293-297  =  £1293.  5s. 
ll^d.  =  present  worth  of  17601.  for  7  years,  or  the  whole  pres- 
ent worth. 

Or,  By  Table  IV. 

Find  the  present  worth  af  the  annuity,  or  rent,  for  the  time  of 
reversion,  which  subtract  from  the  value  of  the  immediate  pos- 
session, and  the  remainder  will  be  the  value  of  the  estate  in 
reversion. 

2.  What  is  the  present  worth  of  a  freehold  estate  of  S  40  pr. 
annum,  to  commence  7  years  hence  allowing  the  purchaser  5 
pr.  cent  ? 

Tabular  number  =  5-78637 

40  ==  annuity,  or  rent. 


231-45480  =  present  worth  of  rent. 

5  :   100  :   :  40  :    8000000  =  value  of  immediate  possession. 


568-5452  =  g  568- 54c.  51m.         Ans. 

3.  Which  is  the  most  valuable,  an  income  of  £\00  pr.  annum 
for  15  years,  or  the  reversion  of  an  equal  income  forever  after- 
ward, computing  at  the  rate  of  5  pr.  cent,  pr.  annum,  compound 
interest  ? 

Ans.  The  first  term  of  15  years  is  better  than  the  reversion 
forever  afterward,  by  17/.   I8s.«7jd. 
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VULGAR  FRACTIONS. 

The  learner  will  find  it  convenient,  and  indeed  necessary,  as 
he  progresses  in  the  more  intricate  parts  of  Arithmetick,  to  be 
thoroughly  acquainted  with  Vulgar  Fractions.  They  were  brief- 
ly introduced  immediately  after  Simple  Proportion  (page  56)  as 
a  preliminary  to  the  subject  of  Decimal  Arithmitick  ;  but  we 
shall  here  consider,  more  extensively,  the  intimate  relation  be- 
tween Vulgar,  and  Decimal  Fractions,  together  Avith  their  rela- 
tive and  important  use  in  Arithmetick  in  general. 

Vulgar  Fractions  are  either  proper,  improper,  simple, 
compound,  or  mixed. 

1.  A  StTnple,  or  proper  fraction  is  one,  whose  numerator  is 
less  than  the  denominator  ;  as  \ ,g-,|,  See. 

2.  An  Improper  fraction  is  one,  whose  numerator  exceeds  the 
denominator  ;  as  £,  jf ,  &c. 

4.  A  Mixed  Number  is  composed  of  a  whole  number  ancl 
a  fraction ;  as  8f  ,25/3,  &c, 

Note.  Any  whole  number  may  be  expressed  like  a  fraction, 
by  writing  1  under  the  given  number  for  a  denominator  ;  as 
8—  f  and  12  =  »T3>  &c. 

3.  A  Compound  fraction  is  the  fraction  of  a  fraction,  coupled 
by  the  word  of  as  ;  §  of  £  of  J  of  2/,  Sec. 

5.  The  Common  Measure  of  two  or  more  numbers  is  that 
•number,  which  will  divide  each  of  them  without  a  remainder. 

Thus,  4  is  the  common  measure  of  12,  16,  and  20  ;  and  the 
greatest  number,  that  will  do  this,  is  called  the  Greatest  Common 
Measure. 

6.  A  number,  which  can  be  measured  by  two  or  more  num- 
bers, is  called  the  Common  Multiple  ;  and  if  it  be  the  least 
number,  which  can  be  so  measured,  is  called  their  Least  Com- 
mon Multiple :  thus,  24,  36,  48  and  60  are  each  a  common  mul- 
tiple of  3,  4,  and  6  ;  but  their  least  common  multiple  is  12. 

To  find  the  least  Common  Multiple  of  tivo  or  mora  numbers. 

RULE. 

1.  Divide  by  any  number  that  will  divide  two  or  more  of  the 
given  numbers  without  a  remainder,  arjd  set  the  quotient,  to-, 
gether  with  the  undivided  numbers,  in  a  line  beneath. 

2.  Divide  the  second  lines  as  before,  and  so  on  till  there  are 
no  two  numbers  that  can  be  divided  ;  then,  the  continued  pro- 
duct of  the  divisors  and  quotients,  will  give  the  imirtfpfe  re"- 
quired. 
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EXAMPLES. 

1.  What  is  the  least  common  multiple  of  6,  8,  10,  and  12: 

2)6    8    10    12 


Thus. 


3)3   4 


2)1    4     5      2 
12      5      1 


The  product  of  the  divisors  ==  12  and  12X2  X  5  120  Ans; 

2.  What  is  the  least  common  multiple  of  4  and  63  ? 

Ans.    12 

3.  What  is  the  least  common  multiple  of  3,4,8,  and  12  ? 

Ans.   24 

4.  What  is  the  least  common  multiple  of  4,5,6,  and  10  ? 

Ans.  60 

5.  What  is  the  least  number   that  can    be    divided  by  the  'J 
digits,  separately,  without  a  remainder  ?  Ans.  2520 


REDUCTION  OF  VULGAR  FRACTIONS. 

Is  the  bringing  them  out  of  one  form  into  another,  in  order  to 
prepare  them  for  the  operations  of  Addition,  Subtraction,  Sec. 

CASE  I. 
To  abbreviate,  or  reduce  fractions  to  their  lowest  terms. 
RULE. 

1.  Divide  the  terms  of  the  given  fraction  by  any  number,  that 
will  divide  them  without  a  remainder,  and  these  quotients  again 
in  the  same  manner  ;  and  so  on  till  it  appears,  that  there  is  no 
number  greater  than  1,  which  will  divide  them  again,  and  the 
fraction  will  be  in  its  lowest  terms. 

OR 

2.  Divide  both  the  terms  of  the  fraction  by  their  greatest 
common  measure,  and  the  quotients  will  be  the  lowest  terms  of 
the  fraction  required. 

EXAMPLES. 

1.  Reduce  4-f|  to  its  lowest  terms. 
(2)        (2)       (3)      (2)      (2) 
it*  =  i¥o  =  I *  =  if  =  T6o  =  !   the  answer.— (see  page  56) 


ARITHMETICS,  10  f 


Or  thus  ;  144)240(1 

144 

96)144(1 
96 

48)9  6(2 
48 

Therefore  48  is  the  greatest  common  measure,  and  48)||£  .=  § 
the  same  as  before. 

2.  Reduce  fiff  to  its  lowest  terms.  Ans.  £ 

3.  Reduce  |ff|  to  its  lowest  terms.  Ans.  f- 

4.  Reduce  HI  to  its  least  terms.  Ans.  T\ 

5.  Reduce  £f§  to  its  lowest  terms.  Ans.  ff 

CASE  II. 
To  reduce  a  Mixed  Number  to  its  equivalent  irnfircftcr  fraction, 

RULE. 
Multiply  the  whole  number  by   the   denominator  of  the  frac- 
tion, and  add  the  numerator  to  the  product,  then  that    sum  writ- 
ten above  the  denominator  will  form  the  fraction  required. 

EXAMPLES. 

1.  Reduce  25f  to  its  equivalent  improper  fraction. 

25  X  8  •;  3  =  193,  then  the  fraction  will  become  *|c 

2.  Reduce  27|  to  its  equivalent  improper  fraction. 

Ans.  2^s 

3.  Reduce  45|  to  its  equivalent  improper  fraction. 

Ans.  3|T 

4.  Reduce  lOO^f  to  its  equivalent  improper  fraction. 

Ans.     5fi9 

5.  Reduce  15||  to  its  equivalent  improper  fraction. 

Ans,  4JU> 
CASE  III. 
To  Jind  the  value  of  an  im/iro/ier  fraction. 

RULE. 
Divide  the  numerator  by  the  denominator,  and  the   quotient 
will  be  the  whole  or  mixed  number  sought. 
examples. 

1.  Find  the  value  of  3|f8  2  03848(183^       Ans. 

2.  Find  the  value  of  *■££  Ans.  9. 

3.  Find  the  value  of  x^y  Ans.  56  44 

4.  Reduce  9T5r5  to  its  equivalent  whole,  or  mixed  number. 

Ans.  84  *t 

5.  Reduce  4|^9  to  its  equivalent  whole,  or  mixed  number. 

Ans.  173^V 
CASE  IV. 
To  reduce  a  whole  number  to  an  equivalent  fraction,  having  a 
given  denominator. 
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RULE. 

Multiply  the  whole  number  by  the  giveji  denominaior,  and 
place  the  product  over  the  said  denominator,  and  it  will  form 
the  fraction  required. 

examples. 
1.  Reduce  8  to  a  fraction,  whose  denominator  shall  be  9. 
8X9  =  72  ;  and  the  fraction  will  become  ^         Ans. 


2.  Reduce  13  to  a  fraction,  whose  denominator  shall  be  12 

Ans.  yy 

•  shall  be  7 
Ans.    7^<> 


Reduce  100  to  a  fraction,  whose  denominator  shall  be  79. 


CASE  V. 

To  reduce  a  com/iound  fraction  to  an  equivalent  simfwe  one. 
RULE. 

1.  Reduce  all  whole  and  mixed  numbers  to  their  equivalent 
fractions. 

2.  Multiply  all  the  numerators  together  for  a  new  numerator, 
and  all  the  denominators  together  for  the  denominator,  and  they 
will  form  the  fraction  required. 

EXAMPLES. 

1.  Reduce  f  of  \  of  £  of  *  to  a  simple  fraction. 

2X3X4X8=19'2 

■         =  yj  the  answer, 

3X4X5X11=   660 

2.  Reduce  \  of  %  of  i  of  ■£   to  a  simple  fraction.       Ans.  /T 

3.  Reduce  \  of  £  of  10  to  a  simple  fraction.  Ans.  4-£ 

4.  Reduce  \  of  f  of  &  of  21 -f  to  a  simple  fraction. 

Ans.  2||4f 
CASE  VI. 
To  reduce  fractions  of  different  denominations  to  equivalent 
fractions,  having  a  common  denominator. 

RULE. 
1  Reduce  all  fractions  to  simple  terms. 

2.  Multiply  each  numerator  into  all  the  denominators,  except 
its  own,  for  a  new  numerator  ;  and  all  the  denominators  togeth- 
er, for  a  common  denominator,  which  written  under  the  several 
numerators,  will  give  the  fractions  required. 

EXAMPLES. 

1.  Reduce  |  {-,  and  f  to  equivalent  fractions,  having  a  com- 
mon denominator. 

1  X  5  X  7  =  35  the  new  numerator  for  -^ 
3X2X7  =  42  «  for  f 
4X2X5  =  40                  »  for  I 

2  X  5  X  7  =  70  the  common  denominator. 
Therefore  the  new  equivalent  fractions  are  ^f,  ff,  and  ^{j- 

2.  Reduce  }?^  ar.d  \\  to  a  common  denominator. 
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3.  Reduce  |,£,  and  121.  to  a  common  denominator. 

Ans       14      00     8  3_8 
XViio.     <j  2>    1  2'     7  2 

4.  Reduce  i,  a  of  *,  5t,  andT2g-  to  a  common  denominator. 

A  nc      1  »  °    5*2     3-L3  ?  .  -G-°_ 
/Mlb.     57  o>   570*^5  7  0*570 

5.  Reduce  §,§  off,  7^,  and  T\  to  a  common  denominator. 

A  n  «        93«      1040     IJL&  0_8    _4_JL2_ 
-TVIIS.    T872>T8T2'     1872  '1872 

CASE  VII. 

To  reduce  the  fraction  of  one  denomination  to  the  fraction  of 
mother,  retaining  the  same  -value. 

RULE. 

1.  Reduce  the  given  fraction  to  such  a  compound  one,  as  will 
express  the  value  of  the  given  fraction,  by  comparing  it  with  all 
the  denominations  between  it  and  that  denomination  to  which  it 
is  to  be  reduced. 

2.  Reduce  the  compound  fraction,  thus  made,  to  a  simple 
one.  (See  Case  V.) 

EXAMPLES. 

1.  Reduce  |  of  a  penny  to  the  fraction  of  a  pound. 
By  comparing  it,  it  becomes  f  ofTV  of  Ti  of  a  pound. 

SX  1  X  1 

■  ■      =  T 9^0  tne  answer. 

8X  12  X20 

2.  Reduce  T?^7  of  a  pound  to  the  fraction  of  a  penny. 
Mate  a  compound  fraction  of  it  thus  j 

WW  of  V  of  y  =  -^o   ■==  f  the  Ans. 
o.  Reduce  f  of  a  shilling  to  the  fraction  of  a  pound. 

Ans.  Jj 
4.  Reduce  §  of  a  farthing  to  the  fraction  of  a  pound. 

Ans.  T?Vo 
5.  Reduce  |  of  a  pound  avoirdupois  to  the  fraction  of  a  cwt. 

Ans.  sfs 

6.  Reduce  ^j%^  of  a  hhd.  of  wine  to  the  fraction  of  a  pint. 

Ans.  A 

7.  Reduce  5|  furlongs  to  the  fraction  of  a  mile.        Ans.  ji 

8.  Reduce  T^f  of  a  week  to  the  fraction  of  an  hour.  Ans.  £ 

9.  Reduce  7s.  6d.  to  the  fraction  of  a  pound.  Ans.  £ 

10.  Reduce  5;d.  to  the  fraction  of  a  shilling.  Ans.  f|. 


ADDITION  OF  VULGAR  FRACTIONS. 

RULE. 
Reduce  compound  fractions  to  single  ones  ;  mixed  numbers 
to  improper  fractions  ;  fractions  of  different  integers    to    those 
of  the  same;  and  all  of  them  to  a  common  denominator;  then 
15 
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*he  sum  of  the  numerators  written  over  the  common  denomina- 
tor, will  be  the  sum  of  the  fractions  required. 

examples. 
Add  3fy,  |,  £  of  f ,  and  7  together. 

First  34  —  2-°.  AofZ  —  -X-.  7  —  ? 
1  11  St  o  3-   —     a  '  5  U1  ¥  —  To  >   '    —  T 

Then  the  tractions  arc  a/,  J,  T7?,  and  -J-.       Therefore, 

29X3X10X1=:  2320 
7  X  8  X  10  X  1  =  560 
7  X  8  X  8  X  1  =  440 
7  X  8  X     8  X  10  =4480 


7808 


=  12^  the  answer. 


8X8X10X1  =    640 

2.  Add  £>  T%,  and  i  of  5f  together.  Ans.  6/= 

3.  Add  12|,  3|,  and  41  together.  Ans.  20-Ji 

4.  Add  %l.  |s.  and  -gj  of  a  penny  tog-ether. 

Ans.  3s.  Id.  l^fqrs. 

5.  What   is   the  sum   of  f  of  15/.  3|/.  i  of  4  of f  of  a  pound 
and  §  of  &  of  a  shilling  ?  Ans.  £i    17s.  5|d. 

6.  Add  I  of  a  mile,  jj-  of  a  yard,  and  |-  of  a  foot  together. 

Ans.    120  rods,  2  ft.  9  in. 

7.  Add  $  of  a  ton,  and  t«l  of  cwt.  together. 

Ans.    12  cwt.  1  qr.8  lb.  12T8¥  oz. 

8.  Add  J  of  a  week,  }  of  a  day,  and  \  of  an  hour  together. 

Ans.  2d.  14h.  30m* 


SUBTRACTION  OF  VULGAR  FRACTIONS. 

RULE. 
Prepare  the  fractions  as  in  addition,  and  the  difference  of  the 
numerators,  wriiten  above  the  common    denominator,  will  give 
the  difference  of  the  fractions  required. 

EXAMPLES. 


1. 

From  |  take  \  of  \. 

|  of  2.  ~  j?T  ;  tiien  the  fractions  arc  ^T  and  §,  therefore 

2X3=     6                                                       rand  42—  6=36 

21  X  2  =  42                                                  -j       Ans.      ff=4 

and 

21  X  3  =  63  the  common  denominator.  (_ 

2. 

From  rVo  take  f                                                      Ans  4^§ 

3. 

From  14^  take  ^  of  19.                                              Ans.  1T^ 

4. 

From  i  /.  take  ^  s.                                                 Ans.  9s.  3d. 

5.  From  -f  oz.  take  -J  of  a  pwt  Ans.  1 1  pwt.  3  gr, 
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6.  From  3-f  weeks,  take  ^  of  a  day,  and  %  of  y  of  £  of  an  hour. 

Ans.  3\v.4d.  12h.  19m.  17-^  sec. 

7.  The  sum  of  three  numbers  is  56J-;  the,/?rsMiumbcr  is  12-§ 
and  the  second  21TV  ;  required  the  third.  Ans.  22TV7 

8.  What  number  added  to  1 1 4  will  make  36£|£  ? 

Ans.  24^4- 


MULTIPLICATION  OF  VULGAR  FRACTIONS, 

Reduce  compound  fractions  to  single  ones,  and  mixed  num- 
bers to  improper  fractions ;  then  multiply  all  the  numerators  to- 
gether for  a  new  numerator,  and  all  the  denominators  together 
for  the  denominator  of  the  product  required. 

EXAMPLES. 

1.  Multiply  4;  oi  7  by  -|  Ans.  1| 

2.  Multiply  ■§■  by  \  Ans.  j-* 

3.  Multiply  7J-  by  9£  Ans.  69-| 
•1.  Multiply  |  of  f  by  4  of  3^  Ans.  -£-£ 
5.  Multiply  4-j  J  of  i  and  18  f  continually  tog-ether. 

Ans.9T^ 


DIVISION  OF  VULGAR  FRACTIONS. 

RULE. 

Prepare  the  fractions  as  in  multiplication  ;  then  invert  the 
divisor,  and  proceed  exactly  as  in  multiplication  :  the  product 
will  be  the  quotient  required. 

EXAMPLES. 

1.  Divide  f  of  9  by  £  of  7| 

2X9 
a  of  f-  = ==  y  and  f  of  7\  —  |f  j  therefore, 

5  X  1 
18X  16 
-  ■ ^t|       UT5  the  quotient  required. 


o         •       1  ti 

5X45 

2.  Divide  f  by  f.  Ans.   U4.- 

3.  Divide  f  by  4.  Ans.  -JC 

4.  Divide  4|  by  f  of  4.  Ans.  2^ 

5.  .Divide  7  by  |.  Ans.  18| 
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6.  Divide  £  of  19  by  §  of  {.  Ans.  7? 

7.  Divide  i  off  by  fof  f  Ans.  § 

8.  What  number  multiplied  by  ^,  will  make  11T°T  ? 

Ans.  26ff- 


SIMPLE  PROPORTION  IN  VULGAR  FRAC- 
TIONS. 

RULE. 

1.  Prepare  the  fraction  as  before  ;  then  state  the  question 
agreeably  to  the  rules  in  Simple  Proportion  of  whole  numbers. 

2.  Consider  whether  the  proportion  be  Direct  or  Inverse  ;  if 
direct,  then  invert  theirs*  term  of  the  proportion  ;  but  if  the 
proportion  be  inverse,  invert  the  third  term. 

3.  Then  multiply  all  the  three  terms  continually  together, 
and  the  product  will  be  the  answer. 

EXAMPLES. 

1 .  If  |  of  a  yard  cost  §  of  a  pound,  what  will  \\  of  a  yard  cost  ? 

Thus,  f  :  f  :  :  \\  :  if§  =   12s.  Id.  2T°T  qrs.     Ans. 

2.  If  |  of  a  yard  cost  |f  of  a  pound,  what  will  91  yards  cost  ? 

Ans.  £4   10s.  2d.  2§qrs. 

3.  If  8d.  buy  £  of  a  pound  of  sugar,  how  much  will  10|d.  buy  ? 

Ans.   lib. 

4.  At  7s.  Od.  If!  qrs'  Pr«  bushel,  what  will  be  the  value  of  15 
bushels  ?  £5  5s.  7d.  o£  qr. 

5.  If  |  of  a  ship  be  worth  |  of  her  cargo  valued  at  8000/.  what 
is  the  wiiole  ship  and  cargo  worth  ?  Ans.  £~10031  14s.  1  l^r^- 

6.  A.  and  B.  own  a  ship  and  cargo  worth  16000/.  A  owns 
2.  of  the  cargo  and  |  of  the  ship;  but  by  accident  at  sea,  they 
lose  |  of  the  cargo,  which  is  214f/.  less  than  B's.  share  in  the 
ship,  required  the  values  of  the  ship  and  cargo,  and  each  on.e's 
respective  share  in  the  same. 

Ans.  ^'4000  value  of  ship,  and  12000/.  do.  of  cargo. 
A's  share  of  cargo   =     3937-$'.  C  B's  share  of  cargo  =     6562f '. 
A's     do.    of  ship     =     2285f/.  ^B's     do.   of  ship     ==     1714f/.. 


A's     do.  of  the  whole  £*6223T\      B's     dp.  cf  the  whole  £8276{l 


ARITHMETICS  113 

REDUCTION  OF  DECIMAL  FRACTIONS. 

CASE  I. 

To  reduce  numbers  of  different  denominations  to  their  equiva- 
lent -value. 

RULE. 

Bring  the  given  denominations  to  a  vulgar  fraction,  and  reduce 
said  fraction  to  its  equivalent  decimal  value.  (See  Case  III* 
page  57,  also  Rule  2,  page  64.) 

EXAMPLES. 

1.  Reduce  10s.  6d.  2  qrs.  to  the  decimal  of  a  pound. 

U,  X  20  X  12  X  4  =  960  and  10s  X  12  X  6  X  4  -J-  2  =  506, 
therefore,  506  -4-  960  =  .527083  Ans. 

2.  Reduce  13s.  5-|d.  to  the  decimal  of  a  pound.  Ans.  .6729 

3.  Reduce  3  qrs.  2  na.  to  the  decimal  of  a  yard.  Ans.   .875 

4.  Reduce  17  yds.  1  ft.  6  in.  to  the  decimal  of  a  mile. 

Ans.  .00994318 

5.  Reduce  10  weeks,  2  days,  to  the  decimal  of  a  year. 

Ans.  .1972602,  Sec 
CASE  II. 
To  find  the  -value  of  a  decimal  in  the  known  parts  of  the  integer, 

RULE. 

1.  Multiply  the  decimal  by  the  number  of  parts  in  the  next 
less  denomination,  and  cut  off  so  many  places  for  a  remainder, 
on  the  right,  as  there  are  places  in  the  given  decimal. 

2.  Multiply  the  remainder  by  the  next  inferiour  denomina- 
tion, and  cut  off  a  remainder  as  before  ;  and  so  on  through  all 
the  parts  of  the  integer,  and  the  several  denominations  stand- 
ing on  the  left,  make  the  answer. 

EXAMPLES. 

I.  What  is  the  value  of  .37623  of  a  pound  ? 

20 


7.42460 
12 

6.29520 
4 


1.18080  Ans.  7s.  6d.    1   qr. 

What  is  the  value  of  .83229 1 6  of  a  pound  ?  Ans.  1 6s.  7-J-d. 
What  is  the  value  of  .625  of  a  shilling  ?  Ans.  7~d. 

What  is  the  value  of  .76442  of  a  pound  Troy  ? 

Ans.  9  oz.  3  pwt.   1 1  gr. 
Find  the  value  of  .^875  of  a  yard!  Ans.  3  qr.  2  na. 
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6.  Find  the  value  of  .61  of  a  ton  of  wine. 

Ans.  2  hhds.  27-  gals.  2  qts.  1  pt. 

7.  What  is  the  value  of  .8469.  of  a  degree  ? 

Ans.  53  m.  6  fur.  35  po.  0  ft.  11  in. 

8.  What  is  the  value  of  .569  of  a  year  ? 

•     Ans.  207  d.  1 6  h.  26  m.  24  sec 
CASE  IV. 
To  find  the  decimal  of  any  number  of  shillings,  pence,  and  far- 
things,  by  inspection. 

RULE. 

1.  Write  half  the  greatest  even  number  of  shillings  for  the 
first  decimal  figure. 

2.  Let  the  farthings  in  the  given  pence  and  farthings,  possess 
the  second  and  third  places  ;  observing  to  increase  the  second 
place  by  5,  if  the  shilings  be  odd;  and  the  third  place  by  I,  when, 
the  farthings  exceed  12,  and  by  2,  when  they  exceed  3-6. 

EXAMPLES. 

1.  Find  the  decimal  expression  of  9s.  7^d.  by  inspection. 
.4       =  §  8s. 

.05     =  for  the  odd  shilling 
30  =  the  farthings  in  7ld. 
1  for  excess  of  12 

£*.481  =  decimal  required. 

2.  What  is  the  decimal  value  of  17s.  8|d.?  Ans.  /.885 

3.  What  is  the  decimal  expression  of  7s.  9|d.  I  Ans./. 391 

4.  Find  the  decimal  value  of  15l.  3s.  9id.  Ans.  £  15. 19 

CASE  V. 
To  find  the  value  of  any  decimal  of  a  pound  by  inspection. 

RULE. 

1.  Double  the  first  figure,  or  place  of  tenths  in  the  decimal, 
for  so  much  of  the  answer  in  shillings,  increasing  the  sum  by  1, 
if  the  second  figure  be  5,  or  more  than  5. 

2.  After  the  5  is  deducted,  call  the  remaining  figures  in  the 
second  and  third  places,  so  many  farthings,  for  the  remainder  of 
the  answer,  abating  1,  if  they  exceed  12,  and  2,  if  they  exceed  36. 

Note.  When  the  decimal  has  but  2  figures,  if  any  thing  re- 
main after  the  shillings  are  deducted,  annex  cyphers  on  the 
right. 

EXAMPLES. 

1    Find  the  value  of  £.875,  by  inspection. 
.876 

i  5s.  =  double  of  8.  r 

1         Cfor  the  5  in  the  second  place  which 
\  is  to  be  deducted  out  of  7. 
And  6  £=  26  farthings  remain  to  be  added. 

Deduct       £  for  the  excess  of  12. 
Ans.  17s.  6  £d. 
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..'..  Find  the  value  of/\679,  by  inspection.     Ans.  13s.  Tel. 

3.  Find  the  value  of  ^'.842,  by  inspection.  Ans.  16s.    lOd. 

4.  Find  the  value  ol  £.790  by  inspection.     Ans.  15s.  9£d. 
>.  Find  the  value  of  £.097  by  inspection.     &.ns.  Is.  Hid, 

SIMPLE  PROPORTION  BY  DECIMALS. 

RULE. 

Reduce  fractions  to  decimals,  and  stale  the  question  as  in 
whole  numbers  ;  multiply  the  second  and  third  terms  together, 
and  divide  by  the  first,  and  the  quotient  will  be  the  answer. 

EXAMPLES. 

1 .  If  |  of  a  yard  cost  ■}  of  a  pound,  what  will  9-f-  yard  cost  ? 

•|  =      .375  yds. 

f  =  .41. 

9|-  ==         9.625  yds. 
Therefore  .37,5  yds.  :  41.  :  :  9.625  yds.  :  £10.2666  ;  or  101.  5s.  3d. 
3  qrs. 

2.  If  £  of  a  yard  cost  y^  of  a  pound,  what  will  ^  of  an  English 

ell  cost  ?  I  of  a  yard  =*=  -f  of  f  of  -f-  =4|   of  an  ell. 

Then  }|  ell  :  TV1.  :  :  T%-  ell.  :  ^#1.  =  9s.  8d.  2  qrs.  Ans.  or, 
i  * 

IT 

Then  .48  :   .5833  :  :  .4  :  .486  =  9s.  8d.  2rs. 


-  =  .48       f 
r\=  .5833] 


3.  At  7-|d.  pr.  lb.  what  will  be  the  price  of  an  cwt.  of  sugar  ? 

7-5  X  112  =■  840  =  3/.  10s.  Ans. 

4.  What  is  the  value  of  3^  cwt.  of  coffee  at  23a  cts.  pr.  lb.  ? 

Ans-   S  98    70c. 

5.  What  is  the  value  of  2  qrs.  1  na.  of  velvet  at  19s.  8-j -1.  pr, 
English  ell  ?  Ans.  8s.  lOd.  Iqr.  fo 

6.  If  \  of  a  yard  of  satin  cost  7s.  3d.  how  many  yards  can  1  buy 
for  13/.  1 5s.  6(1.  ?  Ans.  %%\  yds. 

7.  What  is  the  value  of  £  of  a  tun  of  wine,  when  f  of  a  gallon 
costs  J  of  a  pound  ?  Ans.  £*140 

8.  At  \V..  pr.  cwt.  what  does  3-*-b.  come  to  ?     Ans.    lO^d. 

9.  What  is  the  tax  upon  745/.  14s.  8d.  at  3s.  6d.  on  the  pound  I 

Ans.  £130   10s.  3jqrs. 

10.  A  person  shares  §  in  a  certain  prize,  unci  sells  f  of  Ic  for 
171/.  what  was  the  whole  amount  of  the  prize  ?         Ans.  /380 

11.  If,  when  the  days  are  13}  hours  long,  a  traveller  perform 
his  journey  in  3 5 -\  days  ;  in  how  many  days  will  he  perform  the" 
same  journey,  when  the  days  are  11-^  hours  long  ? 

Ans.  40$|#  days. 
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12.  A  regiment  of  soldiers,  consisting  of  976  men,  are  to  be 
new  clothed,  each  coat  to  contain  2\  yds.  of  cloth,  that  is  If  yd. 
wide,  and  to  be  lined  with  shalloon,  \  yd.  wide  ;  how  many  yards 
of  shalloon  will  line  them  I  Ans.  4531  yds.  1  qr.  2£  na.. 


SIMPLE  INTEREST  BY  DECIMALS, 

A   TABLE  OF  RATIOS. 

♦•4..)..i»4"*'M««"M"("<"*"("("*'<;'<"<»("<«H"*'«"«"<"«"«"4 <-.(..(««««"4..4'«"<"4"<"««4"«"(«*iW'" 

|  RATE  PER  CENT.  |  RATIO,  |  RATE  PER  CENT.  |  RATIO.  * 

*<..«..<..«..«..4••«••«••«••«••«.•«••«••«••«••««4"«••«••«•■«••«••«••«••«•M••«••<••«••«••<••«••<••«"«••«••«••«••<••<••«''«••<••<•■«,'<••<■•  j, 

t  3  t  -03  i  54  |  -055  | 

|  4  |  .04  |  6  *  -06 

I  4fc  f  -045  |  6i  1  -065  J 

I  5  |  -05  j  7  |  -07  1 

Ratio  is  the  simple  interest  of£l,or  g  1  for  one  year  at  the 
rate  per  cent,  agreed  on. 

RULE 
Multiply  the  principal,  Ratio  and  Time  continually  together* 
and  the  last  product  will  be  the  interest  required. 

examples. 
1,  Required  the  interest  of  537  dolls.  58  cts.  for  4  years  and  6. 
months,  at  5  percent,  pr.  annum,  simple  interest. 
$537.58  principal 
.05  ratio. 

26.8790  interest  for  1  year. 
4-5  multiply  by  the  time. 


1343950 
1075160 


8  120,9*550     Ans.  8  120  95  cts.  5  m.  Sec. 


2.  What  is  the  interest  on  $268  ]7  cts  for  3  years  and  9, 
months,  at  4&  pr.  cent,  simple  interest  ? 

Ans.  268.17  X  .045  X  3.75  =  45.2536875  =  845  25  cts.  3  m.  ■+- 

3.  What  is  the  interest  of  1181.  9s.  for  1  year  and  6  months 
at  6  pr.  cent  pr.  annum  ?  Ans.  101.  13s.  2d.  2  qrs. 

4  Required  the  amount  of  648  dolls.  50  cts,  for  12.75  years, 
at  5h  pr.  cent,  simple  interest.  Ans.  gl  103  26  cts.  -j- 

5.  What  is  the  amount  of  691,  8s.  for  3  years,  \\  months,  at  5 
|  pr.  cent,  simple  interest  I  Ans.  £81  6s,  6d.  3  qrs. 
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CASE  II. 
ike  amount,  time,  and  ratio  given,  to  find  the  principal. 

RULE. 
Multiply  the  ratio  by  the  time,  add  unity  to  the  product  for  a 
divisor,   by   which  divide   the  amount,  and  the  quotient  will  be 
the  principal. 

EXAMPLES. 

1.  What  principal  will  amount  to  264.3125,  in  5  years,  at  5 
pr.  cent  pr.  annum  ? 

.05  X  5  -J-   1  =   1.25)  264  3125  (211.45    Ans. 

2.  What  principal  will  amount  to  §658  53550,  in  4i  years,  at 
5  pr.  cent.  ?  Ans.  g537.58  cts. 

3.  What  principal  will    amount   to  g3 13.4236875,  in  3  years 
and  9  months,  at  A\  pr.  cent  ?  Ans.  §268    17  cts. 

4.  What  principal  will  amount  to  £956  10s.  4.125d.in  8  years 
and  9  months,  at  5£  pr.  cent  ?  Ans.  £645  15s. 

CASE  III. 
The  amount,  principal,  and  time  given,  to  find  the  ratio. 

RULE. 
Subtract  the  principal  from  the  ;<  mount,  divide  the  remainder 
by  the  product  of  the  lime   and   principal,  and  the  quotient  will 
be  the  ratio. 

EXAMPLES. 

1.  At  what  rate  pr.  cent,  will  £950  75  cts.  amount  to  gl235. 
9750,  in  5  years  ? 

From  the  amount       =   1235.9750 
Take  the  principal  =     950.75 


950.75  X  5  =  4753.75  )285.2250(.06  =  6  pr.  cent.  Ans. 
285.2250 


2.  At  what  rate  pr.  cent  will  S<  15.45  cts.  amount  to  S94.54940, 
in  2  years  and  5  months  ?  Ans.  6  pr   cent. 

3.  What  ratepr.  ct.  will  g268.17  cts.  amount  to  83  i  3.4236875, 
in  S^  years  ?  Ans.  4±  pr.  cent. 

4.  At  what  rate  per  cent  will  ^3 19  5s.  amount  to  £62.253750 
in  3  years  and  3  months  ?  Ans.  6  per  cent. 

CASE  IV. 
The  amount,  principal,  and  rate  per  cent  given,  to   find 
the  time. 

RULE 
Subtract  the  principal  fiom  the  amount,  divide  the  remainder 
by  the  product  of  the  ratio  and  principal  ;  and  the  quotient  will 
be  the  time. 

EXAMPLES. 

1.  In  what  time  w'll  §537  58  cts.  amount  to  gG58. 53550,  at  5 
pr.  cent  pr.  annum  ? 
16 
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From  the  amount        S658. 53550 
Subtract  the  principal  537. 5S 


537.53  X  .05        26.8790)120.95550(41-  years  answer 
120.95550 


2.  In  what  time  will  g268   17  cents  amount  to  S3 1  J. 423  6 
at  4  l  per  cent  per  annum  ?  Ans.  3  years  9  months. 

3.  In  what  time  will  S950  75  cents  amount  to  §1235.9750,  a1 
6  per  cent  per  annum?  Ans.  5  years. 

4.  In  what  time  will  ^319  5s.  amount  to  £381.503750,  at  6  pel 
cent?  Ans.  3^  years. 

TO  CALCULATE  INTEREST  FOR  DAYV. 
RULE. 

Multiply  the  principal  by  the  given  number  of  days,  and  tha; 
product  by  the  ratio ;  divide  the  last  product  by  365,  and  the 
quotient  will  be  the  interest  required. 

EXAMPLES. 

1.  What  is  the  interest  of  1781.  15s.  for  87  days,  at  6  per  cent 
per  annum  ?  178.75  X  .87  X  .06  =  $36.5500—  365  =  2.2891 
=  21.  5s.  9d.  1  qr.  Ans. 

As  the  process  of  division  is  generally  more  tedious  than  that 
of  multiplication,  it  is  often  convenient  to  substitute  one  for  the 
other. 

Now  if  we  substitute,  in  the  place  of  365,  the  reci/irocal  of 
that  quality  ;  that  is,  the  quotient  arising  from  dividing  1  by 
365,  we  shall  have  a  number  which  multiplied  into  the  principal, 
will  give  the  same  result,  as  dividing  by  its  corellative  quanti- 
ty ;  Thus,  1  -4-  365  =±  -00274,  therefore  to  multiply  a  given 
number  by -00274,*  is  equivalent  to  dividing  the  same  number 
by  365. 

2.  What  is  the  interest  of  $  100,  for  75  days,  at  6  pr.  cent.  pr. 
annum  ?  100  X  75  X  -06  X  -00274  ==.   g  1   23c.  3m.  Ans. 

3.  What  is  the  interest  of  g  148  50  cts.  for  96  days,  at  5  pr 
cent  pr.  annum  ?  Ans.  g  1  95c.  3m. 

4.  What  is  the  interest  of  g  312  for  25  days,  at  7\  pr.  cent  ? 

Ans.  g  I   60c.  3m. 

5.  What  will  £55  amount  to  in  256  days,  at  4-  pr.  cent  pr. 
annum?  Ans.  £5   12s   lid.  jr 


*  Note.  The  cyphers  on  the  left  may  be  always  neglected,  by 
observing  to  point  off  5  figures  of  the  product,  on  the  right  for 
decimal  parts. 
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CoNSTUCTlON    OF    TABLES.    StC 

The  two  first  give  the  Amount,  and  Rebate,  or  Present 
Worth  of  g  1,  or  £*1,  from  1  to  31  years  inclusively,  at  5  and 
6  pr.  cent.  Simple  interest.  They  are  calculated  by  making  I 
dollar,  or  1  pound  the  Princifal  in  the  first,  and  I  dollar  or 
1  pound  the  Amount  in  the  second  ;  or  dividing  unity  by  the 
srveral  numbers  in  the  first  Table,  gives  the  numbers  in  the 
second  Table.  The  third  and  fourth  Tables  are  of  the  same 
nature  with  the  first  two,  and  are  therefore  subject  to  the  same 
princ.p.e  of  construction. 

jfppucArioN  and  Use  of  The  pkeczeding   Tables. 
CASE  I. 
To  find  the  amount  of  any  given  sum  for  years   and   months^ 
at  5,  and  &  fir.  cent,  Simfile  Interest. 

RULE. 
To  the  Tabular  number  found  in  Table  I,  under  the  given 
rate  and  opposite  the  time  in  years,  add  the  number  found  on 
the  right  of  the  decimal  fioint  in  Table  III,  under  the  given  rate 
and  opposite  the  months,  and  multiply  this  sum  by  the  princi- 
pal ;  and  the  product  will  be  the  amount  sought. 

examples. 
1.  What  will  g  100  amount  to  in  7  years  and  8  -months,  at -6 
pr.  cent  pr.  annum,  Simple  Interest  ? 

Tabular  number  —   1.42    =  amount  of  gl  for  7  years. 
Do.  .040  =  do.  for  8  months. 


1.460 
Multiply  by  .100  ==  principal. 


g  146.000  =  Ans. 


2.  Required  the  amount  of  go  18  50  cents,  for  5  years,  at  6 
per  cent  per  annum.  Ans.  414  05cts. 

3.  What  will  %75o  25  cents  amount  to  in  4  years  and  7  monthf, 
-at  5  per  cent  per  annum  ?  Ans.  g925  86c.  3T7^m. 

4.  Required   the    amount   of   1121.    10s.   for  3  years   and    5 
months,  at  6  per  cent.  Ans.  1351.  lis.  4d. 

5.  Required  the  amount  of  1801.  8s.  for   11  months,  at  6  peV 
cent  per  annum.  Ans.  1901.  6s.  5d.  1  qr. 

CASE  II. 
To  find  the  Interest  of  any  given  ?um  for  years  and  montlig, 
at  5  and  6  fier  cent. 

RULE. 
1.  Find  the  amonnt  as  before,  from  which  subtract  the  pTin^: 
pat,  and  the  remainder  will  be  the  interest 
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OR 

2.  Multiply  the  number  found  on  the  right  of  the  decimal 
paint  in  the  table,  by  the  principal,  and  the  product  is  the  inter- 
est required. 

EXAMPLES.  e 

1.  What  is  the  interest  of  &400  forborn  &  years,  at  5  per 
cent  per  annum  ? 

Tabular  number  for  3  years  =   1.20 
*Do.     for  6  months.  .02499 


1.22499 
Multiply  by  400 


439.99600        Amount. 
Subtract  400.  Principal. 


Answer.  839.99600  —  £90.  fere. 


2.  What  will  be  the  interest  of  §210  35  cents,  for  9£  years,  at 
-6  per  cent  per  annum  ?  Ans.  gl23  05c  4.75  m. 

3.  What  will  be  the  interest  on  /45  10s.  for    1    year  and    7 
months,  at  6  per  cent  ?  Ans.  £4  6s.  5d.  1  qr. 

4.  Required  the  interest  of/896   15s.  for  7   months,  at  5   pe? 
cent  per  annum.  Ans.  £*7  2s.  1  Id.  3  qrs. 

CASE  III. 
To  find  the  Rebate    or   Present  worth  of  any  given  sum  for 
years  and  months. 

RULE. 
Multiply  the  Tabular  number  under  the-given  rate  and  oppo- 
site the  time  by  the  principal,  and  the  product  will  be  the  pre- 
sent worth. 

EXAMPLES. 

1.  What  is  the  rebate,  or  present  worth  of  g  100  due  1  year 
Tience,  discounting  at  6  per  cent  per  annum  ? 
Tabular  number  =  .943396 
100 


$94.33.9T\  Ans. 

2.  What  is  the  present  worth  of  g  180  50  cents,  due   5  years 
Lcnce,  at  5  per  cent  per  annum  ?  Ans.  Si 38  84c.  6m. 

3.  How  much  ready  money  will  pay  a  debt  of  £\  12  10s.  due 
3  years  hence,  discounting  at  6  per  cent  ?  /"95   6s.    1  Id. 

4.  How  much  ready  money  is  equal  in  value  to  £o  1  5    8s.  due 
7  months  hence,  allowing  5  per  cent  discount  ? 

Ans.  jf 306   15s.  4d. 
Note.  When  the   discount  is   required,  subtract  the  present 
WQUh  from  the  principal,  and  the  remainder  is  the  discount- 
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5.  What  is  the  discount  on  £$00,  due  7  years  hence,  at  6  per 
cent  per  annum  ?  £Ans.  147  17s.  9d. ' 


COMPOUND  INTEREST  BY  DECIMALS. 

RULE. 

1.  Find  the  amount  of  gl,  or£l,  for  one  year  at  the  given  rate 
per  cent. 

2.  Involve  the  amount,  thus  found,  to  such  a  power,  as  is  de* 
noted  by  the  number  of  years,  and  multiply  this  power  by  the 
principal,  or  given  sum,  and  the  product  will  be  the  amount  re- 
quired. 

3.  Subtract  the  principal  from  the  amount,  and  the  remainder 
"a  ill  be  the  interest- 

EXAMPLES. 

1.  What  is  the  compound  interest  of  ^*500  for  4  years,  at  5 
per  cent  per  annum  ? 

The  amount  of  11.  for  1  year  ==   1.05  and 
1.05*  X  500  =  607.753125  ==  the  amount. 
500 

107.753125  =  £107  15s.  Of  d.  interest  required. 

2.  What  is  the  amount  of  £760  10s.  for  4  years,  at  4  per  ct.  ? 

Ans.  8891.  13b.  6*u. 

A   Table  of  the  amount  of%\.  or  \l.  at  6  /ier  cent  ficr  annum,  for 

months. 

>«  |aS  *>«*'.  farts  \M  >/gg  iJec.  fiarts,%  *l<>.%'6  Dec.  fiat 
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When  the  given  time  consists  of  years  and  months,  seek  the 
amount  of  SI  Sec.  in  the  table  for  years,  and  the  amount  of  §1 
Sec.  in  the  foregoing  tabic  for  the  months,  and  the  continual  pro- 
duct of  these  tabular  numbers  into  the  principal,  will  give  the 
amount  required. 

Note.  Subtract  the  principal  from  the  amount,  and  the  re- 
mainder is  the  compound  interest. 
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EXAMPLES 

1.  Required  the  amonnt  of  ^480  for  5  years  and  6  months,  a'. 
6  per  cent  per  annum  compound  interest. 

Tubular  number  of  U.  for  5  years  —   1.338225 
Do.  "for  6  months  —   1.029560 


1.77782931 

480  =p  prin'i. 


Ans.  £'661.2341  &c. 

2.  What  will  S100  amount  to,  foiborn  7  years  and  10  month;:. 
at  6  per  cent  per  annum  ?  Ans.  gl57  82c.  3m. 

3.  What  is  the  compound  interest  of  £210  50  cents,  for  3 
years,  at  6  per  cent?  Ans.  §29  48c.  7m. -fe 

4.  What  is  the  compound  interest  of  SOL  4s.  for  9  years  and 
4  months,  at  6  per  cent  per  annum  ?  Ans.  471.  19s.  C-£d.' 

Another  method  of  corn  fluting  Coinfionnd  Interest  for  years, 
vioJiths,  and  days. 

RULE. 

To  the  Logarithm  of  the  principal,  add  the  several  logarithms 
answering  to  the  number  of  years,  months,  and  days,  found  in 
the  following  tables,  and  their  sum  will  be  the  logarithm  of  the 
amount  required. 


Logarithmick  Tables,  at  6  per  cent  fier  annum,  for  years,  months 

and  days. 


Y   |  dec.  fits,  j    Y.  j  dec.  fits 


|   Y.  |  dec.  fits.  |   Y.  |  dcc.fits. 


,025306 
,050612 
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1.  Required    the   amount   of  g436   50   cents,  for  3  years,  8 
months  and  12  days. 

Log.  of  principal  =  2.  6399842 

Add  Log.  of  years  =  0.  0759180 

Do.  of  months  =  0.  0170330 

Do.  of  days      =  o.  ooo8570 


Ans.    g541   75       2.   7337922  Amount  requir'd 
2.  What  will  SI 75  amount  to,  in  lo  years  and  5  months,  at  6 
per  cent  per  annum  ?  Ans.  g321  28  cts. 

CASE  II. 

The  amount,  rate,  and  time  given,  to  find  the  firincifiaL 

RULE. 

\.  Divide  the  amount  of  the  given  sum  by  the  amount  of  gl, 

or  £1,  for  the  given  time,  and  the  quotient  will  be  the  principal  l 

or 

2.  Multiply  the  present  worth  ofgi,  or£l,  for  the  given 
-number  of  years,  at  the  given  rate,  by  the  amount;  the  product 
will  be  the  principal. 

EXAMPLES. 

1.  What  principal  at  6  per  cent  per  annum,  will  amount  to 
#757.4856,  in  4  years  ? 

By  Table  I. 

Divide   by    the    tabular?        y  c.r, A»,^c^  AOP,     ,     o  e~. 

e  a  i    c      a  r=  l-26~476j757-4856oc(  =  g  6oo 

amount  of  g  1,  for  4  years  5  J  K 

By  Table  II. 

Multiply  by  the  present  worth  £      757-4855 

qS S  1  for  4  years,  at  6  per  cent.  J         *792o93 

Ans.  g  6co  principal. 

2.  What  principal  at  6  per  cent,  per  annum,  will  amount  t$ 
{757  9s.  8$d.  in  4  years  .?  Ans,   6oo/, 
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ARITHMETICAL  PROGRESSION. 

Any  rank  of  numbers,  increasing  by  a  common  excess,  and 
decreasing  by  a  common  difference,  is  said  to  be  in  Arithme- 
tical Progression. 

T1'us    {llitlo.-L.ul    Ascending  series. 

The  numbers  which  form  the  series,  are  called  the  Terms  of 
the  progression  ;  the  first  and  last  terms  of  which  are  called  the 
Extremes. 

Any  three  of  the  Jive  following  terms  being  given,  the  other 
two  may  be  readily  found. 

1.  The  first  term. 

2.  The  last  term. 

3.  The  number  of  terms. 

4.  The  common  difference. 

5.  The  sum  of  all  the  terms. 

PROBLEM  I. 
The  first  term,  the  last  term,  and  the  number  of  terms  beingj 
.given,  to  find  the  sum  of  all  the  terms. 

RULE. 
Multiply   the    sum  of  the  extremes  by  the  number  of  terms, 
and  half  the  product  will  be  the  answer. 

EXAMPLES. 

1.  The  first  term  of  an  arithmetical  progression  is  5,  the  last 
term,  60,  and  the  number  of  terms  12,  required  the  sum  of  the4 
series.  5-f-  60  X  12—2=  380  Ans. 

2.  The  first  term  of  an  arithmetical  progression  is  3,  the  last; 
term  1 12,  and  the  number  of  terms  18  i  required  the  sum  of  the 
series.  Ans.  1035 

3.  How  many  strokes  do  the  clocks  of  Venice,  (which  go  to 
34  o'clock,)  strike  in  the  compass  of  a  day  ?  Ans.  300 

4.  Suppose  a  man  lay  up  1  cent  the  first  day  of  the  year,  £ 
cents  the  second,  and  3  the  third  day,  and  so  on  in  arithmetical 
progression,  every  day  increasing  1  cent ;  how  much  will  he 
have  saved  at  the  year's  end  ?  Ans.  g667,95  cents. 

5.  A  merchant  bought  100  yards  of  cloth  in  arithmetical  pro- 
gression ;  he  gave  5  cents  for  the  first  yard,  and  1  dollar  for 
the  last,  what  did  the  cloth  amount  to  ?  Ans.  g52,50  cts. 

6.  If  100  stones  be  placed  in  a  right  line,  exactly  a  yard  asun-* 
drCr,  and  the  first  a  yard  from  a  basket,  what  length  of  ground 
will  that  man  go,  who  gathers  them  up  singly,  returning  with, 
them  one  by  one  to  the  basket  ? 

Ans.  5  miles,  233  rods,  2  faedfa 
17 
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PROBLEM  II. 

The  first  term,  the  last  term,  and  the  number  of  terms  givi 
to  find  the  Common  Difference. 

RULE. 

Divide  the  difference  of  the  extremes  by  the  number  of  terraf 
less  by  1,  and  the  quotient  will  be  the  common  difference  re- 
quired. 

EXAMPLES. 

1.  If  the  extremes  be  3  and    19,  and  the  number  of  term 
what  is  the  common  difference,  and  the  sum  of  the  whole  series?* 

19 

v    ♦  S19  3 

Extremes  <    n 


9 —  1  =  8)16(2  common  difference       9 

16  

a)  19 8(99  sum  oi  series. 

2.  A  man  had  10  sons,  whose  several  ages  differed  alike,  th'e 
youngest  was  4  years  old,  and  the  oldest  40  ;  what  was  the 
common  difference  of  their  ages  ?  Ans.  4  years. 

3.  A  man  travels  from  Manchester  to  London  in  6  days  ; 
every  days  journey  was  greater  than  the  preceeding  cne,  by  a 
common  excess  ;  he  traveled  20  miles  the  first  day,  and  40  miles 
the  last  ;  what  was  the  common  increase  of  each  succeeding 
day's,  journey  and  the  distance  from  Manchester  to  London  ? 

Ans.  daily  increase  4  miles,  and  the  distance  of  journey- 
ISO  miles. 

PROBLEM  III. 
The  two  extremes  and  the  common  difference  given,  to  find 
the  number  of  terms. 

RULE. 
Divide  the  difference  of  the  extremes  by  the  common  differ- 
ence and  the  quotient,  increased  by  1,  is  the  number  of  terml 
required. 

EXAMPLES. 

1.  If  the  extremes  be  3  and  19,  and  the  common  difference  2, 
what  isthe  number  of  terms  I 

\9 -—  3 -f- 2  ==  8-f  1  ==  9  Ans. 

2.  A  man,  going  a  journey,  travelled  the  first  day  3  miles 
and  the  last  day  43,  and  increased  his  journey  every  day  5  miles  ; 
how  many  days  did  he  travel  ?  A*is.  9  day.?. 
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GEOMETRICAL  PROGRESSION. 

Any  series  of  numbers  are  in  Geometrical  Progression-, 
tf'.en  the  several  terms  increase  by  a  common  multiplier,  or  de- 
Tease  by  a  common  divisor; — Thus,  3,  6,  12,  24,  48  £cc.  is  a 
eiies  in  geometrioal  progression,  increasing  by  the  common 
Mulii/ilicr  2  ;  and  81,  27,9,3,  1,  Sec.  is  a  scries  in  geometrical 
jrogression,  decreasing  by  the  common  divisor  3. 

The  number,  by  which  the  series  is  constantly  increased,  or 
liminished,  is  called  the  Ratio. 

PROBLEM  I. 

Given  the  first  term,  the  last  term,  (or  extremes)  and  the  ra- 
io,  to  find  the  sum  of  the  series. 

RULE. 

Multiply  the  last  term  by  the  ratio,  and  from  the  product  sub- 
ract  the  first  term,  and  the  rem  ainder,  divided  by  the  ratio  less 
,  will  give  the  sum  of  all  the  terms  of  the  series, 

EXAMPLES. 

1.  The  first  term  of  a  series  in  geometrical  progression  is  3, 
the  last  term  531441,  and  the  ratio  3  ;  required  the  sum  of  all 
the  terms. 

The    series    is    3,9,27,81,243,729,2187,6561, 19683,59049, 
177147,531441,     Then, 

531441  X  3)~3(-j-3—  1  r=  797160  Ans. 

2.  The  extremes  of  a  geometrical  progression  are  1  and 
0536,  and  the  ratio  4  ;  what  is  the  sum  of  the  series  ? 

Ans.  S7381 
PROBLEM  II. 
Given  the  first  term  and  the  ratio,  to  find  any  other  term  as- 
signed. 

CASE  I. 
When  the  fcrst  term  of  the  scries  and  the  ratio  are  equal* 

1.  Write  down  a  few  of  the  leading  terms  of  the  series,  and 
place  their  indices  over  them, beginning  with  an  unit,  or  1. 

2.  Add  together  such  of  the  most  convenient  indices,  as  will 
make  up  the  entire  index  to  the  sum  required. 


*  Note.  When  the  first  term  of  the  series  is  equal  to  the  ra- 
tio, the  indices  must  begin  with  an  unit,  and  the  indices  added 
must  make  the  entire  index  of  the  term  required  ;  but  if 
the  first  term  be  greater,  or  Ic ss  than  the  ratio,  the  indices  must 
"begin  with  a  cypher,  and  the  indices  added  must  make  an  index 
less  by  1  than  the  number,  expressing  the  place  cf  the  term, 
?3Ucrh* 


Pi  28  LOGARITHMICK 

3.  Multiply  the  terms  of  the  geometrical  series  belonging  to 
those  indices*  continually  together,  and  the  product  will  be  the 
term  sought. 

examples 

*  If  the  first  term  be  2  and  the  ratio  2,  what  is  the  I5th 
term  ? 

Thus     5  1,2,3>  4>  5>  6     Indices. 

'    ^2,4,8,16,52,64     Leading  terms. 
Then  4-r5  \  6  =  15  the  index  of  1 5th.  term,  and  product 
of  16,  X  32  X  64,  =  32768  term  required. 
"2.  A  merchant  bought  22  lihd.of  wine  for  2  mills  for  the  first 
hhd.  4  for  the  second,  8  for  the  third,  and  soon  in  duplicate  pro- 
portion geometrically  ;  what  did  the  whole  amount  to  at  that 
rate  ? 

The  22d.  or  last  term  is  4194304. 
Then  2X4194304—2 

■  ■'  '    m  ■ =  8398606,  the  sum  of  all  the  ternii 

2—  1 
(by  Prob.  I.)  =  S  8398,60c.  6m.  Ans. 

3.  A  labourer  agreed  to  work  one  whole  year  for  a  rich  mi- 
ser, to  receive  no  other  reward  than  3  farthings  for  the  1st. 
month,  2^<i.for  the  2d.  month,  6|d.  for  the  3d.  month,  and  so 
on,  in  triple  proportion  geometrically ;  what  did  his  wages 
amount  to  in  one  year,  and  what  was  the  average  price  of  each 
clay's  labour  ?  Ans.  His  wages  for  one  year  amounted  to 
£"850  7s.  6d.  and  the  average  price  of  each  day  was  £2  7s.  6d. 

CASE  II. 
When  the  first  term  of  the  series  and  the  ratio  are  different, 
that  is,  when  the  first  term  is  either   greater  or  less  than  the 
ratio. 

RULE. 

1.  Write  a  few  of  the  leading  terms  as  before,  and  begin 
their  indices  with  a  cypher. 

2.  Add  together  the  most  convenient  indices  to  make  an  in 
dex,  less  by  1  than  the  number  expressing  the  term  sought. 

3.  Multiply  the  terms  of  the  geometrical  series  together, 
belonging  to  those  indices,  and  make  the  product  a  dividencj. 

4.  Raise  the  first  term  to  a  power  whose  index  is  one  less 
than  the  number  of  terms  multiplied,  and  make  the  result  a  di- 
visor. 

5.  Divide  the  dividend  by  the  divisor,  and  the  quotient  will 
be  the  term  sought. 


*  Note.  See  this  principle  explained  by  logarithms;— *-page  44 
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EXAMPLES,- 

1.  If  the  first  term  of  a  geometrical  series  be  5,  and  the  ratio 
3,  what  is  the  1 1th  term  ? 

Thii«     S0'  !>  2'     3'     4'     Indices- 

'    ^5,15,45,135.405,     Leading  terms. 

And     I  -\- 2  -J-  3  4-4  =  10  the  index  of  the  11th.  term. 

15X45X135X405  ==  282943125 

=2263545    the    1 1th- 

S3  —  125  [term  required. 

Here  the   number  of  terms   muliipled  are  4  ;  therefore    the 

1st.  term  raised  to  the  4th.  power  less  by  1  is  the  3d.  power,  or 

cube  of  5  =  125  the  divisor. 

2.  What  debt  can  be  discharged  in  a  year,  by  paying  2  cents 
for  the  first  month,  8  cents  for  the  second,  32  cents  for  the 
third  month,  and  so  on  in  quadruple  proportion,  for  each 
month  ?  Ans.  g  111848   10  cts. 

3.  An  ignorant  horse  jockey  being  employed  to  purchase  a 
number  of  horses  for  shipping,  very  readily  agreed  with  a  gen- 
tleman, well  skilled  in  numbers,  for  28,  upon  condition  that  he 
should  give  I  cent  for  the  first  horse,  5  for  the  second,  25  for 
the  third  horse,  and  so  on  in  quintuple  proportion  to  the  last 
horse  ;  what  did  they  come  to  at  that  rate,  and  how  much  did 
they  cost  per  head  ? 

Ans.  the  horses  came  to  g  307708728652954101,56  cts.  and 
the  average  price  was,  g  10989597451855503,62  cts.  7jm.  per 
head. 

4.  What  will  a  horse  cost,  computing  his  worth  in  geometri- 
cal progression  by  the  nails  in  his  shoes,  at  a  farthing  for  the 
first  nail,  3  farthings  for  the  second,  and  so  on  in  triple  propor- 
tion to  the  last,  or  32d.  nail  ?       Ans.  £9651 14681693  13s.  4d. 

5.  A  young  man  skilled  in  numbers,  agreed  with  a  farmer  to 
work  for  him  1 1  years,  without  any  other  reward  than  the  pro- 
duce of  one  wheat  corn  for  the  first  year,  and  that  produce  to 
be  sowed  the  second  year,  and  so  on  from  year  to  year,  till  the 
end  of  the  time,  allowing  the  increase  to  be  in  a  tenfold  propor- 
tion ;  what  quantity  of  wheat  is  due  for  such  service,  and  to 
what  does  it  amount,  at  $>150  per  bushel  ? 

Ans.  226056-g-  bushels,  allowing  768  wheat  corns  to  make  a 
pint;  and  the  amount  is  8339084  18c.  2-£m. 

6.  What  will  be  the  value  of  a  64  gun-ship,  reckoning  1  penV 
ny  for  the  first  gun,  2  pence  for  the  second,  4  pence  for  the 
third  gun,  and  so  on  to  the  last,  in  duplicate  proportion  ? 

Ans.  £7801433640456465  Is.  3& 
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7.  Suppose  America  should  agree  to  build  144  ships  of  the 
line  for  Great  Britain,  at  the  rate  of  but  1  farthing  for  the  first 
ship,  2  for  the  second,  4  for  the  third,  and  so  to  increase,  in  a 
duplicate  proportion  to  the  last;  what  would  they  all  amount  to 
at  that  rale,  and  how  many  globes  of  standard  gold,  equal  in 
magnitude  to  the  earth  we  inhabit,  could  be  formed  from  the 
mass,  allowing  a  cubic  inch  of  gold  to  be  worth  £ 53  2s  8d.  I 

Ship  1  =      I    the  9th  Ship  =  256  the    18th  Ship  =  131072 
2=2*  256  131072 

4  =      8  1536 

5  =    16  1280 

6  =    32  512 

7  =    64  i 

$  =128  65536 

9  =256    18th  Ship.  131072 

The  35  Ship 


274877906944 
206158430208 
103079215104 
274877906944 
103079215104 
240518168576 
309237645312 
171798691840 
103079215104 
137438953472 
103079215104 

1 180591620717411303424 
The  72d.  Ship  =  2361183241434822606848 


262144 

917504 

131072 

393216 

131073 

17179  8b9 184 

34359738368 

34359758368 

As  multiplying  the  index  of  any  term  in  a  geometrick  series, 
by  a  given  number,  gives  the  index  for  that  fioiver  of  the  term, 
denoted  by  the  multiplying  number  ;  therefore,  as  72  X  2  =  144, 
raise  the  72d  term  to  the  second  power,  that  is,  multiply  it  by 
itself,  and  that  product  by  the  ratio,  the  last  product  will  be  the 
amount  of  the  last  term,  which  by  (PROB.  1.)  will  give  the  sum 
of  all  the  series:  as  follows. 
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The  72d.  Ship  =  2361183241434822606848 
2361 183241434822606848 


18889465931478580854784 
9444732965739290427392 
18889465931478580854784 
141 67099448608935641 08C 
141670994486089356410880 
4722366482869645213696 
47223664828696452  I  3690 
13889465931478580854784 
9444732965739290427392 
7083549724304467820544 
444732965739290427392 
2361 183241434822606848 
94447329  65739290427392 
4722366482869645213696 
7083549  7  24304467820544 
18889465931478580854784 
2361 183241434822606848 
2361 183241434822606848 
14167099448608935641088 
7083549724304467820544 
4722366482869645213696 


5575186299632655785383929568162090376495104     Ship, 
1 1 15037259926531 1570767859136324180752990208  =  144 

4)2230O7451985306231415357182726483615O598u415  T.  Sum, 

12)5575  186299632655785383929568162090376495103 


20)464597191636054648781994130680174198041258  —  7d. 
/2322985958180273243909970653400S709902012  —  18s.  7d. 

Which  is  the  exact  amount  of  the  whole  number  of  ships  ;  and 
is  computed  according  to  the  conditions  of  the  question. 

Now  to  reduce  this  to  solid  gold,  divide   the  amount  by  531/ 
2s.  8d.  (or  12752d.)  and  it  will  give 

4372004174743212871580376161734358302  the  number  of  solid 
inches  the  mass  would  contain.  And  in  order  to  compare  this 
jnass  with  the  solidity  of  the  earth,  this  also  must  be  reduced  to 
inches.  The  number  of  solid  miles  contained  in  the  earth  (see 
page  99)  is  263858149120,  which  multiplied  by  254358588736000 
the  number  of  cubic  inches  in  1  mile,  gives 
66646680917786616312320000  solid  inches  ;  by  which  divide 
the  number  of  solid  inches  in  the  whole  mass,  and  the  quotient 
will  be  the  number  of  globes,  (equal  in  magnitude  to  the  earth,) 
Bfcntained  in.  the  mass,  which  is  the  Answer  required  :  as  follows. 
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Solid  *******    Solid  inches  in  the  whole  mass.    5  N™be*  <* 

IN  THE  EARTH.  ^  £       GLOBES. 

666466809  1 778-)  Ans. 

66 163 12320000)43720041747432 1287 15803761 61734358302(65599728517 
399880085506719697873920000 


373203319676015892841176161 
33323340458893308 1561 600000 

*    iii  ,1    i  i  i  « <i 

399699150870828112795761617 

333233404588933081561600000 

664657462818950312341616173 
59982012826007954681088000O 

648373345588707755307561734 
599820128260079546810880000 

.     485532173286282084964817343 
4665267664245063 1 4 1 86240000 

190054068616757707795773435 
133293361835573232624640000 

56760706781 184475171 1334358 
533 173447342292930498560000 

344736204695518212127743583 
333233404588933081561600000 

1 15028001065851305661435830 
66646680917786616312320000 
11  'ii 

483813201480646893491 158302 
466526766424506314186240000 

And  something  over. 

Tims  we  have  proved,  what  at  first  might  not  seem  to  be  easy  of  ba 
lief,  that  the  whole  amount  in  Sterling  Money  is  twenty  three  thousand 
two  hundred  and  twenty  nine  millions  of  millions  of  millions  of  millions  o! 
millions  of  millions,  eight  hundred  fifty  nine  thousand  five  hundred  am 
eighty  one  millions  of  millions  of  millions  of  millions  of  millions,  eigh 
hundred  two  thousand  seven  hundred  and  thirty  two  millions  of  million! 
of  millions  of  millions,  four  hundred  thirty  nine  thousand  and  ninety  nin< 
millions  of  millions  of  millions,  seven  hundred  six  thousand  five  hundred 
and  thirty  four  millions  of  millions,  eighty  seven  thousand  and  ninety  nine 
millions,  nine  hundred  two  thousand  and  twelve  pounds,  eighteen  shil- 
ftngs  and  seven  pence. 
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And  the  number  of  solid  globes  of  gold,  equal  to  the  earth  we 
inhabit,  is  sixty  five  thousand  five  hundred  and  ninety  nine  mil- 
lions, seven  hundred  twenty  eight  thousand  five  hundred  and 
seventeen. 


POSITION. 

Position  is  a  rule,  which  by  false,  or  supposed  numbers  tak- 
en at  pleasure,  discovers  the  true  one  required. 
It  is  divided  into  two  parts,  Single  and  Double. 

SINGLE  POSITION. 
Single  Position  teaches  to  resolve  such  questions,  whose  re- 
suits    arc   proportional    to    their  supposition  ;  and  is  when  the 
proportions  of  the  required  number  are  implied  in  the  conditions 
of  the  question. 

RULE. 

1.  Take  any  number  and  perform  the  same  operations  with 
it,  as  are  described  to  bu  performed  in  the  question. 

2.  Then  say;  as  the  result  of  the  operation  :  is  to  the  given 
sum  in  the  question  :  :  so  is  the  supposed  number :  to  the  true 
one  required. 

examples.       M 

1.  A  Schoolmaster  being  asked  how  many  schollars  he  had, 
said,  if  I  had  as  many  more  as  I  now  have,  half  as  many,  and  one 
fourth  as  many,  I  should  then  have  99  ;  how  many  schollars 
had  he  ?  As   1 10  :  99  :   :  40  i   36  Ans. 

Suppose  he  had     40  36 

as  many  =       40  IS 

I     as  many  =20  9 

\     as  many   =10  — 

Proof  99 

Result   110 

Or,— -As  110:  40  :  :  99  :  36  the  Ans. 

2.  A  person  after  spending  one  third  and  one  fourth  of  his 
money,  had  $  60  lefc  ;  what  had  he  at  first  ?  Ans.  S  144. 

3.  What  number  is  that,  a  sixth  part  of  which  exceeds  an 
eighth  part  of  it  by  20  ?  Ans.  480 

4.  What  sum  of  money  is  that,  whose  third  part,  fourth  part* 
and  fifth  part,  added  together,  amount  to  9i  dollars  ? 

Ans.  S  120 

5.  In  a  mixture  of  corn  and  oats,  \  of  the  whole  plus  25  bush- 
els was  corn,  \  part  minus  5  bushels  was  oats  ;  how  many  bush- 
els were  there  of  each  ?  Ans.  85  of  corn,  and  35  of  oats. 

18 
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6.  What  number  is  that,  from  which  if  5  be  subtracted,  ?.  oi 
the  remainder  will  be  40?  Ans.  65. 

7.  Two  travellers,  A.  and  B.  360  miles  apart,  travel  towards 
each  othertill  they  meet.  A's  progress  is  10  miles  in  an  hour, 
and  B's  8  ;  how  far  does  each  travel  before  they  meet  ? 

Ans.  A.  goes  200  miles,  and  B.  160. 

8.  If  a  certain  number  be  divided  by  12,  the  quotient,  dividend 
and  divisor  added  together  will  amount  to  64  ;  wffat  is  the  num- 
ber ?  Ans  64. 

9.  A.  man  spent  one  third  of  his  life  in  England,  one  fourth 
of  it  in  Scotland,  and  the  remainder  of  it,  which  was  20  years, 
in  the  United  States  ;  to  what  age  did  he  live  ? 

Ans.  to  the  age  of  48. 


DOUBLE  POSITION. 

Double  Position  teaches  to  resolve  questions  by  making; 
two  suppositions  of  false  numbers. 

RULE. 

1.  Take  any  two  convenient  numbers,  and  proceed  with  each 
according  to  the  conditions  of  the  question. 

2.  Find  how  much  the  results  are  different  from  the  result  in 
the  question.  ^* 

3.  Multiply  the  first  position  by  the  last  errour,  and  the  last 
position  by  the  first  errour. 

4.  If  the  errours  are  alike,  divide  the  difference  of  the  pro- 
ducts by  the  difference  of  the  errours,  and  the  quotient  will  be 
the  answer. 

5.  If  the  errours  are  unlike,  divide  the  sum  of  the  products 
by  the  sum  of  the  errours,  and  the  quotient  will  be  the  answer. 

Note.  The  errours  are  said  to  be  alike,  when  they  are  both  too 
f^reat,  or  both  too  small  ;  and  unlike,  when  one  is  too  great  and 
the  other  too  small. 
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EXAMPLES. 

"1.  The  ages  of  4  persons  amount  together,  to  109  years,  A  is 
7  years  older  than  B,  and  C  is  10  years  younger  than  A,  and  D 
is  ^  as  old  as  A  ;  required  the  age  of  each. 

1st.  Suppose  A's  age  =  40  2d.  Suppose  A.  «=  30 

B's   «     =33  B.  =  23 

C's  «     =  30  C.  =  20 

D's  «      =24  D.   =  18 

127  —91 

—  109  109 

1st.  errour         18  2d.  errour  18 

The  errours  being  unlike  or  one  too  great,  and   the  other  too 
small. 

Pos.  Err. 

40    30  /-a.  « 

XfA's  =   35 
J- B's  =   28 
"J  C's   =    25 
18     18  LD's  =    21 

30    40  

Proof     109 

540    720 


18-f-  18  =  36)1260(35  =  A's  a£e. 

2.  Three  merchants  enter  into  partnership  with  a  stock  of 
S  1 140,  A  put  in  a  certain  sum,  B  put  in  one  third  as  much  as 
A  and  g  50  more,  and  C  put  in  twice  as  much  as  B,  together 
with  a  fifth  of  what  A  put  in  ;  what  was  each  one's  respective 
sl\are  in  the  stock  ? 

Ans*  A  put  in  g  450,  B  g  200,  and  C  g  490 

3.  The  ages  of  two  persons  A  and  B  are  such,  that  7  vears 
ago,  A  was  three  times  as  old  as  B ;  and  7  years  hence,  A  will 
be  twice  as  old  as  B  ;  what  are  their  respective  ages  .? 

Ans.  A's  age  is  49,  and  B's  21  years 

4.  Three  persons  A,B,  and  C,  purchase  ahorse  for  100  dol- 
lars, but  neither  is  able  to  pay  for  the  whole  :  the  payment 
would  require 

The  whole  of  A's  money,  together  with  half  of  B's  ;  or 
The  whole  of  B's,  with  one  third  of  C's  ;  or 
The  whole  of  C's,  with  cne  fourth  of  A's  ; 
How  much  money  had  each  I 

Ans.  A,  had  g  64,  B  g  72,  and  C  g  84 

5.  The  sum  of  the  distances  which  3  persons  travelled,  is  62 
miies^  A  {raveled  4  times  us  far  as  C,  added  to  twtce  the  dis- 
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tance  that  B  travelled,  and  had  C  travelled  17  times  us  far  as  he 
did,  he  would  then  have  travelled  3  times  as  far  as  B,  added  to 
twice  the  distance  that  A  travelled ;  required  their  respective 
distances  ?        Ans.  A  travelled  46  miles,  B  9,  and  C  7  miles 


PERMUTATION  OF  QUANTITIES. 

THE    TERMUTATION    OR    VARIATION    OF      QUANTITIES     is  the 

showing  how  many   different  ways  the  order  or  position  of  any 
given  number  of  things  may  be  changed. 

To  find  the  number  of  permutations  or  changes,  that  can  be 
made  of  any  given  number  of  things,  all  different  from  one 
another. 

RULE. 

Multiply  ail  the  terms  of  the  natural  series  of  numbers,  from 
one  up  to  the  given  number,  continually  together,  and  the  last 
product  will  be  the  answer  required. 

EXAMPLES. 


and 
a  d  n 
n  a  d 
n  d  a 
dan 
d  n  a 


1.  How  many  changes  can  be  made  of  the 
letters  in  the  word  ar\d  ? 

Proof  4  !? 
1X2X3=6  Ans.  |  5 

16 

2.  How  many  changes  can  be  rung  on  12  bells  ? 

Ans.  47900 16C0 

3.  How  long  could  a  family  of  9  persons  vary   their  position 
at  dinner  ?  Ans.  994  years  80  days. 

4.  How  many  changes  can  be  made    (in  position)   of  the  8 
notes  in  musick  ?  Ans.  40320 

5.  How  many  variations  may  be   made  of  the   letters   in  the 
English  alphabet  ?  Ans.  403291461126605635584000000 


CONSTRUCTION  OF    THE    FOLLOWING   TABLES 
BELONGING  TO  COMPOUND  INTEREST- 

The  construction  of  these  Tables  by  logarithms,  will 
be  best  understood  by  the  following  proposition.     Viz. 

Between  two  numbers  given,  to  find  any  number  of  jnenn 
proportionals  required. 
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RULE. 
i.  From  the   logarithm  of  the  greater  number    subtract  thd 
logarithm  oi;  the  less,  and  divide  the  remainder  by  the    number 
of  means  increased  by  1 

2.  Add  the  quotient  to  the  logarithm  of  the  less  number,  and 
the  sum  will  be  the  logarithm  of  the  1st  mean  (proportional  re- 
quired. 

3.  To  the  logarithm  last  found,  add  the  said  quotient,  and  the 
sum  will  be  the  logarithm  of  the  second  mean  proportional  ; 
and  thus  proceed,  always  adding  the  said  quotient  to  the  loga- 
rithm of  the  last  proportional  found,  as  far  as  the  question  re- 
quires. 

EXAMPLES. 

Required  to  find,  between  16  and  64,  5  mean  proportionals. 
Logarithm  of  64  =  1-8061800 

Do.  of  16  =  l-204i200 


The  difference 
To  |  part  for  5  means 
Add  logarithm  of  16 

1st.  Mean  proportional  =  20-158 
To  which  add  said  quotient 


2.d.  Mean  proportional  =  25' 
Add  quotient 


;98  = 


3d.  Mean  proportional  —  32        ~ 
Add  quotient 


4th.  Mean  proportional 
Add  quotient 


40-317:= 


0-6020600 
0-1003433 
1-2041200 

1-3044633 
0-1003433 

1-4048066 
0-1003433 

1-5051499 

0-1003433 

1.6054932 
0-1003433 


5th  Mean  proportional  =  50-796  =  1.7058365 

For  the  construction  of  the  first  two  following  tables  are  scl- 
eral methods  used.  We  shall  mention  only  that  which  is  most 
easy  and  expeditious  ;  which  is  by  logarithms. 

For  the  first  Table  thus  :  Find  the  amount  (as  already 
taught)  of  1  dollar  or  1  pound  for  40  years  at  the  given  rate  per- 
cent, and  between  the  logarithm  of  the  amount  and  the  loga- 
rithm of  the  rate  find  40  geometrical  mean  proportionals,  by  the 
3ast  proposition  ;  and  these  will  be  the  logarithms  of  the  num. 
£ers  in  the  first  Table.        Or, 
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If  v.c  add  inc  logarithm  of  the  rate  continually  to  itself,  it  will 
give  the  same  result  :  Thus,  adding  the  logarithm  of  the  rate 
to  itself,  gives  the  logarithm  belonging  to  the  second  year, 
and  to  this  sum  adding  again  the  logarithm  of  the  rate,  gives 
the  logarithm  of  the  number  belonging  to  the  third  year,  Sec. 
Or,  if  you  multiply  the  logarithm  of  the  rate,  by  the  numbers 
1)  2,3,  4,  5,  6,  kc.  gives  the  logarithm  of  the  numbers  belong- 
ing to  those   respective  years  : 

And  for  the  numbers  in  the  second  Table  find  the  Arithme- 
tical Complements  of  the  logarithms  of  the  numbers  in  the  first 
Table,  and  you  will  have  the  logarithms  of  the  numbers  in  the 
second  Table. 

The  Logarithmical  differences  of  045,  or  05,  or  06,  (being  the 
rates  here  used,  minus  unity,)  and  the  numbers  in  Table  I,  are 
he  logarithms  of  the  numbers  in  Table  III. 

If,  from  the  logarithms  of  the  numbers  in  Table  III.  you 
subtract  the  logarithms  of  the  numbers  in  Table  I.  you  will 
iiave  the  logarithms  of  the  numbers  in  Table  IV. 

And  their  Arithmetical  Complements  are  the  logarithms  of 
'.he  numbers  in  Table  V. 
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Table  I.  Shcwtit&  the  amouni 
VS  1)  or  £1  from  1  ijcar  to  40. 


Tab  ins  II.  Shewing  the 
/iresent  value  of  g  1,  or  £l 
due  at  the  end  of  any  num- 
ber of  yearn*  from  \  to  40 


}'. 

If  A»*.  cr.{5  fir.  ct. 

6  fir.  ct. 

eeeeoeeese 

4-§  fir.  ci 

5  fir,.  (■. 

6  fir.  ( -(. 

o© 

oeeoeerf ©©©©©©©< 

e9>-">ei?e®f 

aeosea 

esseeo 

1 

L  -045000 

1-0500UO 

1-060U0U 

'95693* 

:l  5  2  5  «  1 

y4o596 

c 

1-092025 

1-102500 

1-123600 

•9  1573( 

907030 

889996 

3 

1-141166 

1-157625 

1-191016 

|   -876297 

"865838 

•839619 

4 

1-192518 

1-215506 

1-262476 

•83856; 

822702 

■792093 

5 

1-246181 

1-276281 

1-338225 

•80245) 

7835  26 

•747258 
•704960 

1.302260 

1-340095 

1-418519 

•76789 ( 

746215 

7 

1-360861 

1-407100 

1-503630 

•734824 

710681 

•665057 

S 

1-422100 

1-477455 

1-593848 

•703185 

676859 

•627412 

9 

1-486095 

1-551328 

1-689478   I 

•672904 

•6446C9 

•591898 

1C 

u 

1-552969 
1-622853 

1-628894 

1-790847 

•643928 

•613913 

•558394 

1-710339 

1-898298 

•516199 

■581679 

•552787 

12 

1-695881 

1-795856 

2012196 

•589664 

•556837 

•496969 

13 

1-772196 

1-885649 

2-132928 

•5  64271 

.53f)521 

•468839 

14 

1-851944 

1-979931 

2-260903 

•539973 

•505068 

•442300 

15 
16 

I  935282 

2078928 

2-396558 

•516720 

•481017 
•45S31 1 

•417265 

2-022370 

2-182874 

2-547271 

•494469 

•393647 

1~ 

2-1133762-292018 

2-692772 

•473176 

•436297 

•571564 

18 

2'208478  2-406619 

2-854359 

•452800 

•415521 

550343 

19 

2-307860'2526950 

5-025599 

•433302 

•395754 

•3305 1 3 

20 
21 

2-411714 

2-653297 
2-785962 

3-207155 

•414643 

•376889 

•511804 

2-520241 

5-599565 

•396787 

•358942 

•294155 

22 

2-653652  2-925260 

5.605557 

!   -37970! 

.341850 

•277505 

23 

2-752166  3-071523 

3.819749 

•363350 

•325571 

•261797 

24 

2-876013  3-225099 

4.048934 

•347703 

310068 

•246978 

25 
26 

3005434  3-386354 

4291870 

•33273  1 

305303 

•232998 

3-140679.3-555672 

4.549382 

•318402 

281241 

219810 

27 

5-282009  5  753456 

4  322345 

•30469  1 

267848 

•207368 

23 

5-429699'S  920129 

5.1  1  1686 

•291571 

255094 

175  630 

29 

35  84036V  1  16155 

5.418387 

•279015 

242946 

184555 

30 
51 

5-745518'4821942 
| 

5.743491 

•2670Q0 

251577 

1741 lo 

3*9 1385714  538039 

6.088100 

•25555 i 

22035c- 

164255 

32 

4  08998i:4-76494) 

6.453386 

•24450C 

20986( 

154957 

33 

4-27405o'5-O03188 

6.840589 

•233971 

199872 

146185 

34 

4-466361 

5-253347 

7.251025 

•228896 

190555 

137912 

J3 

36 

4-667547 

5-516015 

7.686086 

•214251 

181291. 

130105 

4-877378 

5  791810]  8.147252 

•205028 

172057 

12274  1 

57 

5-096860 

6  081406!  8.636087 

•196299 

•16445< 

1  15795 

38 

5  326219 

5-385477!  9.154252 

•18775C 

•l56fo- 

109182 

39 

5-565899 

6  70475  1'  9  703507   ! 

•179659 

149  14' 

105002 

W5.-8  16464 

7039983  10  285717  - 

•171929 

•  14204 1 

097170 
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Table  III.  Shewing  the  amount 
o/S  I  or  £'\  annuity  for  any  num- 
ber of  year sy  from    1  to  40. 


Table    IV.    Shewing    ik'e 
present  worth  of%  1  or  £\ 
annuity ,  for  any  number    of 
years,  from  \   to  40. 


v. 

4-\/ir.  cent.    5  fir.  cent. 

<..<.. <..«.. <.,<.. «..,..«..< 
6  fir.   cent- 

jftftt.  cf 

5  fir.  ct. 

6  jit.   ct. 

1 

1  000000 

1  -oooooo 

1  oooooo 

0-95694 

0-95238 

0*94339 

2 

2-045000 

2  050000 

2  0 60000 

1-87267 

l  85941 

1.83  3  3  9 

3 

3-137025 

3-152505 

3-1836oo 

2-74896 

2-72325 

2-67301 

4 

4-278  19! 

4-310125 

4-3749  16 

5-58752 

5-54595 

3-46510 

5 

5-470710 
6-716892 

5-52563) 

5-6370931 

4-38997 

4-32948 

4-21236 

6 

6-801913 

6  975318 

5-15789 

5-07569 

4-9i732 

7 

8-019152 

8-142008 

8-393837 

5-89270 

5-78637 

5-58238 

r< 

9-380014 

9 

10-8021  14 

1  1  026564 

11-491315 

7-26879 

7-10782 

6-80169 

10 

■ 

11 

12-288200 

12-577892 

13-180794 

7-91272 

7-72i73 

7-3€co8 

13-841  179 

14-206787 

14-971642 

8-52892 

,  8-30641 

7-88687 

12 

15.494032 

15-9  17126 

16-869940J 

9-11858;  8-86325 

8  38584 

13' 

17-159913 

17-712985 

18-882132 

9-68285  9-39357 

8<85268 

14' 

"8.932109 

19-598632 

21-015064; 

10-22282:  9-89864 

9-29498 

15 



1G 

20-784054 

21-578563 

23-275968, 

10-73954  I0-3796C 

9-7i225 

22-719337 

23-657492 
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1  1-23401' 10-83777 

IO  10589 

17 

24-741 7u/ 

25-840366 

28-212879J 

1  1-70719  II-27407 

IO-47726 

18 

26-855084 

23-132385 

30-905652 

12-15099  II-6895E 

10  827Co 

19 

29-063562 

30-529003 

33-759991 

12-59329  1 208* 32 

1 1  l5Sj  1 

20 
21 

31-371423 

33-065954 

36-785590 

13-0079o!l2-4622i 

i 

II  46992 

33-783137 

35-719252 

39-992725 

13/40793*1 2-82i  IS 

II-764o7 

22 

36-303378 

38-505214 

43-392289 

13-78442 

l3-i6Soo 

I2-04I53 

J  3 

38-937030 
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46-99582C 

'l4  14777 

13-48807 
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24 

41-689196 
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50-81557e 

14-49548 

13-79864 

l2-55o35 

25 
26 

44.565210 

47-727099 

54-864510 

;l4S282i 

1409394 

12-78355 

47-570645 

51-1  14454 

59-156381 

15-14661 

1 4  375 1 8 

i3  oo3i6' 

27 

50-71 1324 

54-669126 

63  705765J 

15-45150 

l4-643o3 

i3-2io5- 

;8 

5  3*993333 

58-402583 

68-528109 

i  t  5  74287 

l4-898i3 

i3-ao6i6! 

00 

57-423033 

62-322712 

73-639796 

'  1 6-02 1 89 

!5l4io7 

i3-5?o72i 

30 
3  1 

G' -007067 

66-438847 

79-0581S3 

16  28889 

1  5  37245 
15-59231 

15-76435; 
F3-929o8 

64-7523 8 8 

70-760790 

84  801674 

16-54439 

32 

68-666245 

75  298829 

90.389775 

16  7888? 

1 5  8o268 

14  03398 

33 

72-756226 

80-063771 

97-343161 

1  7  02286 

[6  00255 

14-22917 

«>4 

77-030256 

85  066959 

104-183751 

17-24676 

16  l929o 

I4  56615 

36 

81-496618 

90-320307 

111-434776 

17-4610 1 

16  37419 

14  49555 

86-16396( 

95  835323 

1  19-120863 

'i  7-66604  16-54685 

1461722 

37 

J  9  1-04134^. 

10 : -628 139 

127-268114 

l7-86224jl6  7il29 

147S211 

3  b 

j  96-13820^ 

107-709546 

435-904201 

IS  04999116-86789 

14  8404?] 

39 

1101-464424 

1  14-095025 

|145'058453 

'l8-22965|i7-oi7o4 

14^4270; 

40)107-0303  2  3 

120-799774 

!154  76196t 

I8-40I58  i2.i59o9 

15-059  15' 
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The  annuity  which   g  1,  or  £\   will  purchase  for  any  number  of 
wars  to  come,  from  1   to   40. 
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PRACTICAL  ASTRONOMY 


Containing  a  number  of  Astronomical  Tables,  and  an  easy 
method  of  calculating  the  times  of.Ysiy  asd  Full  IMooxs,  and 
Eclipses  by  them. 


Of  Astronomical  Tables  and  their  Construction 

IN  constructing  tables  for  computing,  at  any  given  instant, 
the  places  of  the  Sun,  Moon,  and  Planets,  the  first  step  is  to  de- 
termine, from  a  series  of  accurate  observations,  the  time  in 
■which  those  bodies  describe  a  space  of  360  degrees,  or  perform 
a  complete  revolution  round  the  Sun,  or  primary  Planet. 

When  this  important  element  is  exactly  ascertained,  we  can 
easily  find,  by  simple  proportion,  the  space  which  any  Planet  de- 
scribes in  any  number  of  years,  months,  days,  hours,  minutes, 
and  seconds,  upon  the  supposition  that  it  moves  uniformly,  or 
describes  equal  spaces  in  equal  time,  in  the  circumference  of  a 
circle. 

But  as  it  has  been  found  from  a  long  series  of  observations, 
that  all  the  bodies  of  the  solar  system  move  in  eliptical  orbits 
round  the  Sun,  or  their  primary  Planet,  placed  in  one  of  the  fo- 
ci, we  must  next  determine  the  form  of  their  orbits,  or  the  na- 
ture of  the  ellipse.*  which  they  describe. 

The  diameters  of  the  Sun  and  Moon  therefore,  subtend  differ- 
ent angles  at  differenttimes,  as  they  are  nearer,  or  more  remote 
from  the  observer's  eye.  This  proves  that  the  Sun  and  Moon 
are  constantly  changing  their  distances  from  the  Earth ;  and 
they  are  once  at  their  greatest,  and  once  at  their  least  distance 
from  it,  in  little  more  than  a  complete  revolution. 

The  gradual  differences  of  these  angles  are  not  what  they 
wouid  be,  if  the  luminaries  moved  in  circular  orbits,  the  Earth 


*  An  ellipbe  is  a  curvilinear  figure  of  an  oblate  oval  form, 
having  two  centres  called  Foci,  or  Foucuses  :  The  Sun  is  in 
the  focus  of  the  Earths  orbit,  <fad  the  Earth  is  in  or  near  that  of 
the  Mooto's  orbit 
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fteing  supposed  to  be  placed  at  some  distance  from  the  centre 
of  the  orbit,  and  the  centre  of  the  Earth  to  be  in  the  lower  focus 
of  each  orbit. 

The  fartherest  point  of  each  orbit  from  the  Earth's  centre  is 
called  the  Apogee,  and  the  nearest  point  is  called  the  Perigee". 
These  points  arc  diametrically  opposite  to  each  other. 

Astronomers  divide  each  orbit  into  12  equal  parts  called 
Signs  ;  each  sign  into  30  equal  parts  called  Degrees  ;  each 
degree  into  60  equal  parts  called  Minuets  ;  each  minuet  into 
iiQ  equal  parts  called  Seconds. 

The  distance  of  the  Sun  or  Moon  from  any  given  point  of  its 
orbit,  is  reckoned  in  signs,  degrees,  minuets,  and  seconds.  Here* 
in  is  meant  the  distance  that  the  luminary  has  moved  through 
from  any  given  point :  and  not  the  space  it  is  short  of  it  in  com- 
ing round  again,  though  it  be  ever  so  little. 

The  distance  of  the  Sun  or  Moon  from  its  apogee  at  any  given 
time,  is  called  its  Mean  Anomaly  :  therefore  when  the  body  is 
*n  its  ajiog-te,  its  anomaly  is  0,  and  in  its  fierigce,  it  is  6  signs. 

The  motion  of  the  Sun  and  Moon  are  observed  to  be  contin- 
ually accellerated  from  their  apogee  to  their  perigee,  and  as 
gradually  retarded  from  their  perigee  to  their  apogee  ;  moving 
with  the  greatest  velocity  whea  the  anomaly  is  0,  and  with  the 
least,  when  the  anomaly  is  6  signs. 

When  the  luminary  is  in  its  apogee  or  its  perigee,  its  place 
is  the  same  as  it  would  be,  if  its  motion  were  equable  in  all  parts 
of  its  orbit.  The  supposed  equable  motions  are  called  Mean; 
the  unequable  motions  are  justly  called  the  True. 

The  mean  place  of  the  Sun  or  Moon  is  always  forwarder  than 
the  true  place,*  while  the  luminary  is  moving  from  its  apogee 
+o  its  perigee;  and  the  true  place  is  always  forwarder  than  the 
mean,  while  the  luminary  is  moving  from  its  perigee  to  its  apo- 
gee. In  the  former  case  the  anomaly  is  always  less  than  6  signs; 
and  in  the  latter  case,  more. 

The  Moon's  orbit  crosses  the  ecliptickin  two  opposite  points, 
which  are  called  her  Nodes  ;  and  the  time  in  which  she  revolves 
from  the  Sun  to  the  Sun  again,  (or  from  change  to  change)  is 
called  a  Lunation,  and  would  always  consist  of  29  days,  12 
hours, 44  minuets,  3  seconds,  2  thirds,  and  58  fourths,  if  the  mo- 
tions of  the  Sun  and  Moon  were  always  equable.  Hence,  1 2  mean, 
lunations  contain  354  days,  8  hours,  48  minuets,  36  seconds,  33 
thirds,  and  40  fourths,  whicn  is  10  days,  21  hours,  1  I  minuets, 
23  seconds,  24  thirds,  and  20  fourths,  less  than  the  length  of  a 
.ommon  Julian  Year,  consisting  of  365  days  6  hours;  and  13 


*The  point  of  the  ecliptick  in  which  the  Sufi  or  Moon  is  a> 
any  moment  of  time  is  culled  the  place  of  the  Sun  o*  Mooa  at 
►bat  time 
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mean  lunations  contain  385  days,  21  hours,  32  minuets,  39  sec- 
onds, 38  thirds,  and  38  fourths,  which  exceeds  the  length  of  a 
common  Julian  Year,  by  18  days,  15  hours,  52  minuets,  39 
seconds,  38  thirds,  and  38  fourths. 

The  mean  time  of  New  Moon  being  found  for  any  given  year 
and  month,  as  suppose  for  March  1850,  New  Style,  if  this  mean 
New  Moon  happens  later  than  the  1  1th  day  of  March,  then  12 
mean  lunations,  added  to  the  time  of  this  mean  New  Moon,  will 
give  the  time  of  the  mean  New  Moon  in  March  1851,  after  aba- 
ting 365  days.  But  when  the  mean  New  Moon  happens  to  be 
before  the  1  1th  of  March,  we  must  add  13  mean  lunations,  in 
order  to  have  the  time  of  mean  New  Moon  in  March  the  year 
following;  observing  always  to  subtract  365  days  in  common 
years,  and  366  days  in  leap-years,  from  the  sum  of  this  addition. 
Thus,  A.  D.  1850,  New  Style,  the  time  of  mean  New  Moon 
in  March,  was  the  12th  day,  at  22  hours  and  1 1  seconds  past  the 
noon  of  that  day  (viz.  at  1 1  seconds  past  X  in  the  morning  of  the 
1 3th  day,  according  to  common  reckoning.)  To  this  we  must 
add  12  mean  lunations,  or  554  days,  8  hours,  48  minuets,  36 
seconds,  35  thirds,  and  40  fourths,  and  the  sum  will  be  367  days, 
6  hours,  48  minuets,  47  seconds,  35  thirds  and  40  fourths ;  from 
which  subtract  565  days,  because  the  year  185  1  is  a  common 
year,  and  there  will  remain  2  days,  6  hours,  48  minuets,  47 
seconds,  35  thirds  and  40  fourths,  for  the  time  of  mean  New 
Moon  in  March,  A.  D.  1851. 

Now  to  find  the  mean  time  of  New  Moon  in  March  A.  D. 
1852,  we  must  add  13  mean  lunations  to  the  mean  time  of  New 
Moon  in  the  next  preceeding  year,  (because  it  happened  before 
the  1 1th  day)  and  tne  sum  will  be  38  6  days,  4  hours  2 1  minuets  27 
seconds  13  thirds  and  18  fourths  ;  from  which  subtract  366  days, 
because  the  year  1852  is  a  leap-year,  and  there  will  remain  20 
days  4  hours  21  minuets  27  seconds  13  thirds  and  18  fourths,  to 
be  set  down  for  the  time  of  mean  New  Moon,  in  March,  A.  D. 
1 852. 

In  this  manner  was  the  first  two  of  the  following  tables  con- 
btiucted  to  seconds,  thirds,  fourths  ;  and  then  written  out  to 
the  nearest  second.  The  reason  why  Astronomers  choose  to  be- 
gin the  year  with  March,  is  to  avoid  the  inconvenience  of  ad- 
ding a  day  to  the  tabular  time  in  leap-years  after  February,  or 
subtracting  a  day  therefrom  in  January  and  February  in  those 
years  ;  to  which  all  tables  of  this  kind  are  subject,  which  be- 
gin the  year  with  January,  in  calculating  the  times  of  New  or 
Full   Moons. 

The  mean  anomalies  of  the  Sun  and  Moon,  and  the  Surt's 
mean  dibiar.ee  from  the  ascending  node  of  the  Moon's  orbit,  are 
set  down  in  Table  III,  from  one  to  13  mean  lunations. 

The  numbers,  for  12  lunations,  being  added  to  the  radical 
ar.op.iilies  of  the  Sun  and  Moon:  and  to;he  Sun's  mean  distance 
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from  the  Moon's  ascending  node,  at  the  mean  time  of  New 
Moon  in  March  1850,  (Table  II.)  will  give  their  mean  anoma- 
lies, and  the  Sun's  mean  distance  from  the  node,  at  the  time  of 
New  Moon  in  March  185  1  ;  and  being  added  tor  13  lunations 
to  those  for  1851,  will  give  them  for  the  time  of  mean  New 
Moon  in  March  1S52.  And  so  on  as  far  as  you  please  to  con- 
tinue the  table,  (which  is  here  carried  on  from  1752,  to  the  year 
1900,)  always  rejecting  12  signs  when  their  burn  exceeds  .2, 
and  setting  down  the  remainder  as  the  proper  quantity. 

If  the  number  of  years  belonging  to  A.  D.  1700  (in  Table  I.) 
be  subtracted  from  those  belonging  to  18C0,  we  shall  have  their 
whole  differences  in  100  complete  Julian  years  ;  which  accord- 
ingly we  find  to  be  4  days  8  hours  10  minuets  52  seconds  15 
thirds  40  fourths,  with  respect  to  the  time  of  mean  New  Moon. 
These  being  added  together  CO  times,  (always  taking  care  to 
throw  off  a  whole  lunation  when  the  days  exceed  29^)  making 
up  60  centuries,  or  6000  years,  as  in  Table  VI.  which  was  car- 
ried on  to  seconds,  thirds,  and  fourths  ;  and  then  written  out  to 
the  nearest  second.  In  the  same  manner  were  the  respective 
anomalies  and  the  Sun's  distance  from  the  node  found,  for  these 
centural  years  ;  and  then  (for  want  of  room)  written  out  only  to 
the  nearest  minuet,  which  is  sufficient  in  whole  centuries.  By 
means  of  these  two  tables,  we  may  find  the  time  of  any  mean 
New  Moon  in  March,  together  with  the  anomalies  of  the  Sun 
and  Moon,  and  the  Sun's  distance  from  the  node,  at  these  times, 
within  the  limits  of  6000  years,  either  before  or  after  any  given 
year  in  the  18th.  century  ;  and  the  mean  time  of  any  New  or 
Full  Moon  in  any  month  of  the  year  after  March,  by  means  of 
the  third  and  fourth  tables,  within  the  same  limits,  as  shown  in 
the  precepts  for  calculation. 

Thus  it  would  be  a  very  easy  matter  to  calculate  the  time  of 
any  New  or  Full  Moon,  if  the  Sun  and  Moon  moved  equably  in 
all  parts  of  their  orbits.  But  we  have  already  observed  that 
their  places  are  never  the  same  as  they  would  be  by  equable 
motions,  except  when  their  mean  anomalies  arc  cither  0,  or  6 
signs  ;  and  that  their  mean  places  are  always  forwarder  than 
than  their  true  places,  while  their  anomalies  are  less  than  6 
signs  ;  and  their  true  places  arc  forwarder  than  the  mean,  while 
the  anomaly  is  more. 

Hence  it  is  evident,  that  while  the  Sun's  anonalyis  less  than 
0  signs,  the  Moon  will  overtake  him,  or  be  opposite  to  him, 
sooner  than  she  could  if  his  motion  were  equable  ;  and  later 
while  his  anomaly  is  more,than  6  signs.  The  greatest  c!'. 
ence  that  can  possibly  hap^n  between  the  mean  and  true  time 
of  New  or  Full  Moon,  on  account  of  the  inequality  of  the  Sun's 
motion,  is  3  hours  48  minuets  23  seconds  ;  and  this  is  when 
the  Sun's  anomaly  is  either  3  signs  1  degree,  or  8  signs  29  de- 
crees ;  sconer   in  the   first   case,  and  later   in  the  \&J..     In  ail 
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other  signs  and  degrees  of  anomaly,  the  difference  is  gradually 
&ss,  and  vanishes  when  the  anomaly  is  either  0,  or  6  signs. 

The  Sun  is  in  his  apogee  on  the  30th.  of  June,  and  in  his 
perigee  on  the  30th.  of  December,  in  the  present  age  ;  so  that 
he  is  nearer  the  earth  in  our  winter  than  in  our  summer.  The 
proportional  difference  of  the  Sun's  apparent  diameter  at  these 
times,  is  as  983  to  1017. 

The  Moon's  orbit  is  dilated  in  winter,  and  contracted  in  sum* 
mer.  The' greatest  difference  is  found  to  be  22  minuets  39 
seconds  ;  the  lunations  increasing  gradually  in  length  while 
the  Sun  is  moving  from  his  apogee,  and  decreasing  in  length 
while  he  is  moving  from  his  perigee  to  his  apogee.  On  this 
account  the  Moon  v  ill  be  later  in  coming  to  her  conjunction 
with  the  Sun,  or  being  in  opposition-to  him,*  from  December  till 
Jane,  and  sooner  from  June  to  December,  than  if  her  orbit  had 
continued  of  the  same  size  all  the  year  round. 

As  both  these  differences  depend  on  the  Sun's  anomaly,  they 
may  be  fitly  put  together  into  one  table  and  called  The  annual^ 
orjirst  equation  for  reducing  the  mean  to  the  true  syzygy  .f  (See 
Table  YU.) 

This  equational  difference  is  to  be  subtracted  from  the  time 
of  mean  New  or  Full  Moon  when  the  Sun's  anomaly  is  less 
than  6  signs,  and  added   when  the  anomaly  is  more. 

At  the  greatest,  it  is  4  hours  10  minuets  57  seconds,  Viz.  3 
hours  48  minuets  28  seconds,  on  account  of  the  Sun's  unequal 
motion,  and  22  minuets  29  seconus,  on  account  of  the  dilation 
of  the  Moon's  orbit. 

This  compound  equation  would  be  snfficient  for  reducing  the 
mean  time  of  New  or  Fuil  Moon  to  the  true  time,  if  the  Moon's 
orbit  were  of  a  circular  form,  and  her  motion  exactly  equable  in 
it.  But  the  Moon's  orbit  is  more  elliptical  than  the  Sun's,  and 
her  motion  in  it  is  so  much  the  more  unequal.  The  difference 
is  so  great,  that  she  is  sometimes  in  conjunction  with  the  Sun, 
or  in  opposition  to  him,  sooner  by  9  hours  47  minuets  54  sec- 
onds, than  she  would  be  if  her  motion  were  equable  ;  and  at 
other  times  as  much  later.  The  former  happens  when  her 
mean  anomaly  is  9  signs  4  degrees,  and  tfee  latter  when  it  is  2 
signs  26  degrees.     See  Table  IX. 

At  different  distances  of  the  Sun  from  the  Moon's  apogee,  the 
figure  of  the  Moon's  orbit  becomes  different. 

It  is  longest  of  all,  or  most  execnti  ick,  when  the   Sun    is  in 


*  The  term  conjunction,  when  it  respects  the  relation  of  the 
Moon  to  the  Sun,  signifies  New  Moon,  or  Change  ;  and  oppo- 
sition is  used  to  signify  the  place  of  the  Moon  at  her  full. 

tThe  wprd  syzygy  siguifies  both  the  conjunction  and  opposi* 
tlon  of  the  Sun  and  Moon. 
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the  same  sign  and  degree  either  with  the  Moon's  apogee  otf 
perigee  ;  shortest  of  all,  or  least  excentiick,  when  the  Sun's 
distance  from  the  Moon's  apogee  is  either  3  signs  or  9  signs  i 
and  at  a  mean  state  when  the  distance  is  either  1  sign  15  degrees,' 
4  signs  15  degrees,  7  signs  15  degrees,  or  10  signs  15  degrees. 
When  the  Moon's  orbit  is  at  its  greatest  excentricity,  her  apo- 
geal  distance  from  the  Earth's  centre  is  to  her  perigcal  dis- 
tance from  it,  as  1067  is  to  933  ;  when  least  excentiick,  as  104" 
is  to  457,  and  when  at  the  mean  state,  as  1055  is  to  945. 

But  the  Sun's  distance  from  the  Moon's  apogee  is  equal  to 
the  quantity  of  the  Moon's  mean  anomaly  at  the  time  of  New 
Moon,  and  by  the  addition  of  6  signs,  it  becomes  equal  in  quan- 
tity to  the  Moon's  mean  anomaly  at  the  time  of  Full  Moon. 
Therefore,  a  table  may  be  constructed  m  as  to  answer  all  the 
various  irregualities  depending  on  the  different  excentricities 
of  the  Moon's  orbit  in  the  syzygies  ;  and  called  The  second 
equation  for  reducing  the  mean  to  the  true  ayzygy,  (See  Table 
IX.)  and  the  Moon's  anomaly,  when  equated  by  Table  VIII. 
may  be  made  the  proper  argument  for  taking  out  this  second 
equation  of  time,  which  must  be  added  to  the  former  equated 
time,  when  the  Moon's  anomaly  is  less  than  6  signs,  and  sub- 
tracted when  the  anomaly  is  more. 

There  are  several  other  inequalities  in  the  Moon's  motion, 
which  sometimes  bring  the  true  syzygy  a  litle  sooner,  and  at 
other  times  keep  it  back  a  little  later  than  it  would  otherwise 
be  ;  but  they  are  so  small,  that  they  may  be  all  omitted  except 
two  ;  the  former  of  which  (See  Table  X.)  depends  on  the  differ- 
ence between  the  anomalies  of  the  Sun  and  Moon  in  the  syzygies 
and,  the  latter,  (see  Table  XI.)  depends  on  the  Sun's  distance 
from  the  Moon's  nodes  at  these  times.  The  greatest  difference 
arising  from  the  former,  is  4  minuets  5  8  seconds  ;  and  from 
the  latter,  1  minuet  34  seconds. 

Besides  the  tables  already  mentioned,  there  are  various  others 
annexed  in  the  following,  to  facilitate  the  labour  of  astronomr- 
cajl  calculations;  and  will  be  treated  of  in  their  proper  place, 
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TABLES 

FOR    CALCULATING   THE   TRUE   TIME    OF  NEW 
AND  FULL  MOONS  AND  ECLIPSES. 
TABLE  I.    The  mean  Time  of  New  Moon  in  March,   Old  Style, 
with  the  mean  Anomalies  of  the   Sun  and  Moon,  and  the  Sun't 
Mean  Distance  from  the  Moon's  Ascending  Node,  from  A.  D. 
1700    to  A.  D.  y800  inclusive. 
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TABLE  XX.  A  concise  EouaViox -Table,  adapted  to  the 
Second  Year  after  Leaji-Y ear,  and  which  will  be  within  a 
Minute  of  the  Truth  for  every  Year  ;  shewing,  to  the  nearest* 
full  Minute,  how  much  a  Clock  should  be  faster  or  slower, 
than  the   Sun.     By   Mr.  Smeaton. 
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This  Table  is  near  enough  the  truth  for  regulating  common 
clocks  and  watches.  It  may  be  easily  copied  by  the  pen,  and 
being  doubled,  may  be  put  into  a  pocket-book. 
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PRECEPTS  RELATIVE  TO  THE  PRECEDING- 
TABLES. 

To  calculate  the  true  time  of  New  or  Full  Moon. 

Precept  1.  Write  out  the  mean  time  of  New  Moon  in  March 
for  the  proposed  year,  from  Table  I.  old  style,  or  from  Table  II. 
in  the  new  ;  together  with  the  mean  anomalies  of  the  Sun  and 
Moon,  and  the  Sun's  mean  distance  from  the  Moon's  ascending 
node.  If  you  want  the  time  of  Full  Moon  in  March,  add  the  hatf 
lunation  at  the  foot  of  Table  III.  with  its  anomalies,  kc.  to  the 
former  numbers,  if  the  New  Moon  falls  before  the  15th  of 
March  ;  but  if  it  falls  after,  subtract  the  half  lunation,  with 
anomalies,  Sec.  belonging  to  it,  from  the  former  numbers,  and 
write  down  the  respective  sums  or  remainders. 

2.  In  these  additions  or  subtractions,  observe,  that  60  seconds 
make  a  minute,  60  minutes  make  a  degree,  30  degrees  make  a 
sign, and  12  signs  make  a  circle.  When  you  exceed  12  signs 
m  addition,  reject  12,  and  set  down  the  remainder.  When  the 
number  of  signs  to  be  subtracted  is  greater  than  the  number 
you  subtract  irom,  add  12  signs  to  the  lesser  number,  and  then 
you  will  have  a  remainder  to  set  down. 

In  the  Tables,  signs  are  marked  thus,  5  decrees  thus,  °  min- 
utes thus,  '  and  seconds  thus,  " 

3.  When  the  required  New  or  Full  Moon  is  in  any  given 
month  after  March,  write  out  as  many  lunations,  with  their 
anomalies,  and  the  Sun's  distance  from  the  node,  from  Table 
III.  as  the  given  month  is  after  March  ;  setting  them  in  order 
below  the  numbers  taken  out  for  March. 

4.  Add  all  these  together,  and  they  will  give  the  mean  time  of 
the  required  New  or  Full  Moon,  with  the  mean  anomalies  and 
Sun  s  mean  distance  Irom  the  ascending  node,  which  are  the 
arguments  tor  finding  the  proper  equations. 

5.  With  the  number  of  days  added  together,  enter  Table  IV 
under  the  given  month,  and  against  that  number  you  have  the 
day  of  mean  New  or  Full  Moon  in  the  left-hand  column,  which 
set  before  the  hours,  minuies,  and  seconds,  already  found 

But  (as  it  will  sometimes  happen)  if  the  said  number  of  days 
fall  short  of  any  in  the  column  under  the  given  month,  add  one 
lunation  arid  its  anomalies,  Sec.  (from  Table  III.)  to  the  foresaid 
sums,  and  then  you  will  have  a  new  sum  of  days  wherewith  to 
enter  Table  IV.  under  the  given  month,  where  you  are  sure  to 
find  it  the  second  time,  if  the  first  falls  short 

6  With  the  signs  and  degrees  of  the  Sun's  anomaly,  enter 
Table  VII.  and  therewith  take  out  the  annual  or  first  equation 
for  reducing  the  mean  to  the  true  syzygy  ;  taking  care  to  make 
proportions  in  the  tabic  for  the  odd  minutes  and  seconds  of  the 
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anomaly,  as  the  table  gives  the  equation  only  to  v,  hole  degree^ 
Observe1,  in  this  and  every  other  case  of  finding  equations* 
that  if  the  signs  ate  at  the  head  of  the  table,  their  degrees  are 
at  the  left  hand,  and  are  reckoned  downwards  ;  but  if  the  signs 
are  at  the  foot  of  the  table,  their  degrees  are  a!  the  right  hand, 
and  are  counted  upward  ;  the  equation  being  in  the  body  of  the 
table?  under,  or  over  the  signs,  in  a  collatcial  line  with  the  de- 
grees. Tne  titles  Add  or  Subtract  at  the  head  or  foot  of  the 
Tables  where  the  signs  are  found,  shew  whether  the  equation 
is  to  be  added  to  the  mean  time  of  New  ov  Full  Moon,  or"  sub- 
tracted from  it.  In  the  table  for  reducing  the  mean  to  the  true 
Syzygy,  the  equation  is  to  be  subtracted,  if  the  signs  of  the 
Sun's  anomaly  are  found  at  the  head  of  the  table  ;  but  it  is  to  be 
added,  if  the  signs  are  at  the  foot. 

With  the  same  sighs  and  degrees  of  the  Sun's  anomaly,  enter 
Table  VIII.  and  take  out  the  equation  of  the  Moon's  mean  ano- 
maly ;  subtract  this  equation  from  her  mean  anomaly,  if  the 
signs  of  the  Sun's  anomaly  be  at  the  head  of  the  table,  but  add 
it  if  they  are  at  the  foot;  the  resu'.t  will  be  the  Moon's  equated 
anomaly,  with  which  enter  Table  IX.  and  take  out  the  second 
equation  for  reducing  the  mean  to  the  true  time  cf  New  or  Full 
Moon  ;  adding  this  equation,  if  the  signs  of  the  Moon's  anomaly 
are  at  the  head  of  the  table,  but  subtracting  it  if  they  are  at  the 
foot,  and  the  result  will  give  you  the  mean  time  of  the  required 
New  or  Full  Moon  twice  equated,  which  will  be  sufficiently 
near  for  common  Almanacks.  But  when  you  want  to  calculate 
an  eclipse,  the  following  equations  must  be  used  :   thus, 

8.  Subtract  the  Moon's  equated  anomaly  from  the  Sun's  mean 
anomaly,  and  with  the  remainder  in  signs  and  degrees,  enter 
Table  X.  and  take  out  the  third  equation,  applying  it  to  the  for- 
mer equated  time,  as  the  titles.  Add  or  Subtract  do  direct. 

9.  With  the  Sun's  mean  distance  from  the  ascending  node, 
enter  Table  XI.  and  take  out  the  equation  answering  to  that 
argument,  adding  it  to,  or  subtracting  it  from  the  former  equat- 
ed time,  as  the  titles  direct,  and  the  lesult  will  give  the  time  of 
New  or  Full  Moon,  agreeing  with  well  regulated  c tacks,  or 
watches,  very  near  the  truth.  But,  to  make  it  agree  with  the 
solar,  or  apparent  time,  apply  the  equation  of  natural  days,  found 
in.  fable  XX.  and  you  will  have  the  true  lime  of  apparent  New 
or  Full  Moon  required. 

The  method  of  calculating  the  time  of  any  New  oi'  Full 
Moon  without  the  limits  of  the  19th  century,  will  be  shown  fur- 
ther on.  And  a  few  examples  With  the  precepts,  will  make 
the  whole  work  pi   in. 

N.  B.  Tire  Tables  begin  the  day  at  noon,  and  reckon  for- 
ward fi  om  thence  to  the  noon  following.     Thus, 
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July  the  13th,  at  13  hours  14  minutes  32  seconds  of  tabular 
timet  is  July  14th  (in  common  reckoning)  at  14  min.  32  sec. 
past  1 1  o'clock  in  the  morning'. 
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In  this  example  I  look  for  the  year  1748  in  Table  I.  O.  S. 
against  which  I  find  the  time  of  mean  New  Moon  in  March, 
Sun's  anomaly,  Moon's  anomaly,  and  Sun's  distance  from  Node, 
to  be  as  set  down  in  the  example.  (Agreeable  to  Precept  I.)  I 
then  write  out  as  many  lunations,  with  their  anomalies,  Sec.  from 
Table  III.  as  the  given  month  is  after  March;  (Precept  3.) 
which  added  to  the  former  numbers,  gives  the  mean  time  of  th» 
acquired  New  Moon,  with  their  mean  anonvaliesgof  the  Sun  and 
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Moon,  and  the  Sun's  mean  distance  from  the  Moon'sasecnding 
node  ;  which  are  the  arguments  for  finding  the  proper  equations, 
(Precept  4.) 

With  the  signs  and  degrees  of  the  Sun's  anomaly,  which,  in 
the  present  case,  is  0  signs  24  degrees,  I  enter  Table  VII.  and 
look  for  0  signs  at  the  top  of  the  Table  and  24  degrees  in  the 
left  hand  column,  and  find  in  the  angle  of  meeting,  1  h.  40  m.  6 
see.  and  by  making  proportions,  in  the  table  for  the  odd  59m. 45 
sec.  (or  estimating  the  Sun's  anomaly  at  25  deg.)  I  obtain,  for 
the  1st  equation,  1  h.  44  m.  1  sec.  which  I  apply  to  the  time  of 
mean  New  Moon,  as  the  title  Subtract  at  the  head  of  the  table 
directs.     (Precept  6-) 

With  the  same  argument,  (namely,  25  deg.)  I  enter  Table 
VIII.  and  take  out  thence  the  equation  of  the  Moons  mean  ano- 
maly, which  in  the  present  instance,  I  find  to  be  39  m.  29  sec-, 
which  I  subtract  for  the  Moon's  mean  anomaly,  according  to  the 
title  on  the  top  of  the  Table.     (Precept  7.) 

The  result  is  the  argument  for  finding  the  2d  equation,  with 
which  I  enter  Table  IX.  and  take  out  as  before  the  next  equa- 
tion, applying  it  to  the  mean  New  Moon,  as  the  title  directs, 
(precept  7.)  This  gives  the  time  sufficiently  exact  for  common 
Almanacks.  But  when  you  wish  to  calculate  an  eclipse,  pro? 
(feed  according  to  Precept  8.  and  9. 
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To  calculate  the  time  of  New  and  Full  Moon  in  a  given  Year 
and  Month  of  any  particular  Century  between  the  Christian 
iEra  and  18ih  Century. 

Precept  I.  Find  a  year  of  the  same  number  in  the  18th  Cen- 
mry  with  that  of  the  year  in  the  century  proposed,  and  take 
out  the  mean  time  of  New  Moon  in  March  old  style,  for  that 
year,  with  the  mean  nomalks  and  Sun's  mean  distance  fi -cm  the 
node  at  that  time,  as  already  taught. 

2.  Take  as  many  complete  centuries  of  years  from  Table  VI. 
as,  when  subtracted  from  the  aforesaid  year  in  the  18th  centu- 
fT,  trill  answer  to  the   given  year ;  and  take  out  the  first  mean 
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New  Moon  and  its  anomalies,  &c.  belonging  to  the  said  centu- 
lies,  and  set  them  below  those  taken  out  for  March  in  the  iSth, 
century. 

3.  Subtract  the  numbers  belonging  to  those  centuries,  from 
those  of  the  18th  century,  and  the  remainders  will  be  the  mean 
time  and  anomalies,  8cc.  of  New  Moon  in  March,  in  the  given 
year  of  the  century  proposed. 

Then  work  in  all  respects  for  the  true  time  of  New  or  Full 
Moon,  as  shown  in  the  above  precepts  and  examples. 

4.  If  the  days  annexed  to  these  centuries  exceed  the  num- 
ber of  days  from  the  beginning  of  March  taken  out  in  the  18th. 
century,  add  a  lunation  and  its  anomalies,  Sec.  from  Table  III. 
to  the  time  and  anomalies  of  New  Moon  in  March,  then  pro- 
ceeed  in  all  respects  as  above.  This  circumstance  happens  in 
examples  ^ 
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To  calculate  the  true  time  of  New  or  Full  Moon  in  any  giv- 
en Year  and  Month  before  the  Christian  ^Era. 

Precept  1.  Find  a  year  in  the  18th  century,  which  being  ad- 
ded to  the  given  number  of  years  before  Christ,  diminished  by 
J,  shall  make  a  number  of  complete  centuries. 

2.  Find  this  number  of  centuries  in  Table  VI.  and  subtract 
the  time  and  anomalies  belonging  to  it  from  those  of  the  mean 
New  Moon  in  March,  the  above  found  year  of  the  18th  century  ; 
and  the  remainder  will  denote  the  time  and   anomalies.  Sec   # 
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the  mean  New  Moon  in  March,  the  given  year  before  Christ 
Then  for    the  true  time  of  that   New   Moon,  in  any   month  of 
that  year,  proceed  in  the  manner  taught  before. 
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These  Tc.b'.es  are  calculated  for  the  meridian  of  London  ; 
but  they  wiil  serve  for  any  other  place,  with  equal  exactness, 
by  subtracting  4  minutes  from  the  tubular  time,  for  every  de- 
gree thai  the  meridian  of  the  given  place  is  westward  of.Lon- 
den,  or  adding  4  minutes  for  every  degree  that  the  meridian  of 
the  given  place  is  eastward  of  London;  as  inexampie  VII. 
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To  calculate  the  true  time  of  New  or  Full  Moon  in  any  giv- 
en year  after  the    19th.  Century. 

Precept  1.  Find  a  year  of  the  same  number  in  the  18th. 
century  with. that  of  the  year  proposed,  and  take  out  the  time 
and  anomalies,  Sec.  of  New  Moon  in  March,  old  style,  for  thai 
year,  in  Table  I. 

2.  Take  so  many  years  from  Table  VI.  as,  when  added  to 
the  above-mentioned  year  in  the  18th.  century,  will  answer  to 
the  given  year  in  which  the  New  or  Full  Moon  is  required  ;  and 
take  out  the  first  New  Moon,  with  its  anomalies-,  for  these  com- 
plete centuries; 
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Ans.  N.  M.  29th  day  III  o'clock  52  m.  23  sec.  and  Sun's  dist 
from  node  1 1  S.  29  °  36'  57  ".     (Sun  eclipsed.*) 

3.  Required  the  true  time  of  New  Moon,  and  at  that  time  the 
Sun's  distance  from  the  ascending  node,  in  April,  A.  D.  1819, 
N.  S.  Ans.  New  Moon  24th  day  at46  m.2l  sec.  past  XI.  A.  M. 
and  Sun's  dist.  from  node  12  °  10  '  0  ".    (Sun  eciipsed,  visible.) 

4.  Required  to  find  the  true  time  of  opposition  of  the  Sun  and 
Moon,  and  the  simultaneous  distance  of  the  Sun  from  the  node, 
in  Octobrr,  A.  D.  18  19,  N.  S. 

Ans.  True  Full  Moon  3d  day,  at  7m.  48  sec.  past  III.  in  the 
evening,  and  Sun's  dist.  from  descending  node  50  '  5  "  (Moon 
eclipsed,  total.) 

5.  Required  the  true  time  of  conjunction  of  the  Sun  and 
Moon,  September,  A.  D.  1820,N.S. 

Ans.  On  the  7th  day,  at  16  m.  55.  sec.  past  II.  P.  M.  (Sun 
eclipsed.) 

6.  Required  the  true  time  of  Full  Moon  at  Boston,  Long.  70  ° 
37  '  15"  W.  in  May,  A.  D.  1826,  N.  S. 

Ans.  2 1st  day,  at  29  m.  58  sec.  past  X  in  the  morning.  (Moon 
eclipsed.) 

7.  Let  it  be  required  to  find  the  true  time  of  New  Moon  in 
July,  1980,  O.  S.  and  how  far  short  the  Sun  will  be  at  that  time 
from  the  Moon's  ascending  node. 

Ans.  29th  day,  at  52  m.  28  sec.  past  III.  in  the  morning. 
And  the  Sun  will  be  only  3  ',  3  ",  short  of  the  Moon's  node,  N. 
ascending.  (Consequently,  the  Sun  must  suffer  a  total  eclipse.) 


To  calculate  the  true  Place  of  the  Sun  for  any  given  Moment  of 

Time. 
Precept  1.  In  Table  XII.  find  the  next  lesser  year  in  num- 
ber to  that  in  which  the  Sun's  place  is  sought,  and  write  out 
his  mean  longitude  and  anomaly  answering  thereto  :  to  which 
add  his  mean  motion  and  anomaly  for  the  complete  residue  of 
years,  months,  days,  hours,  minutes,  and  seconds,  down  to  the 
given  time,  and  this  will  be  the  Sun's  mean  place  and  anomaly 


*  Note.  When  the  Sun  is  within  17  degrees  of  either  of  the 
Moon's  nodes  at  the  time  of  New  Moon,  he  will  be  eclipsed  at 
that  time:  and  when  he  is  within  12  degrees  of  either  of  the 
nodes  at  the  time  of  Full  Moon,  the  Moon  will  be  eclipsed  -at: 
that  time. — See  the  method  of  calculating  Eclipses. 
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at  that   time,  in  the   old  style  ;*  provided  the  said  time   be  in 
any  year  after  the  Christian  JEra, 

2.  Enter  Table  XIII.  with  the  Sun's  mean  anomaly  ;  and  ma- 
king proportions  for  tlte  odd  minutes  anrl  seconds  thereof,  take 
out  the  equation  of  the  Sun's  centre  :  which  being  applied  to  his 
mean  place,  as  the  title  Add  or  Subtract  directs,  will  give  his 
true  place  or  longitude  from  the  vernal  equinox,  at  the  time  for 
which  it  was  required. 

EXAMPLE  I. 

Required  the  Sun's  true  place,  July  13th  1748,  Old  Style,  at 
23  hours  19  minutes  58  seconds  past  noun  ?  In^common  reck- 
oning, July  14th,  at  19  minutes  58  seconds  past  XI.  in  the  fore- 
noon. 

|  Sun's  Long.  ■  Sun's  Anom. 


To  the  radical  year   after 
Christ  1701 

Add  complete  years 


Bissextile,  Days 
Hours 
Minutes 
Seconds. 


Sun's  mean  place  at  the  given  time. 
EquationoftheSun'scentre,subtract 

Sun's  true  place  at  the  same  time. 
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of  Cancer. 

*  N.  B.  Although  this  Tabic  is  constructed  according  to  the 
Old  Style,  yet  it  will  serve,  with  equal  exactness,  for  the  New, 
by  diminishing  the  day  of  the  month  in  this  Table  by  12,  for  the 
present  age.  Thus,  suppose  the  required  time  to  be  on  the 
28th  day  of  May  N-  S.  Instead  of  the  numbers  answering  to  that 
day,  write  out  those  for  the  16th  day,  Sec.  But  if  the  required 
tjme  be  within  the  limits  of  the  18th  century,  subtract  11  days 
from  the  given  time.     See  Example  II.  on  the  next  page. 


183 


LOGARITHMICK 


EXAMPLE  II. 
Required  the  Sun's  true  place,  March  31st,  1764,  AVw  Style, 
at  22,  hours  30  minutes  25  seconds,  past  the  noon  of  that  day  ? 


To  the  radical  year  after 
Christ  1701 

Add  complete  years 

March 

3 1st  day — 1 1  =  Bissextile, Days     2C 

Hours  22 

Minutes  30 

Seconds   25 

Sun's  mean  place  at  the  given  time. 
Equations  of  Sun's  centre,  add 

Sun's  true  place  at  the  same  time. 


Sun's  Long. 

Sun's  Anom. 

S  0 

i 

>> 

!  S 

t  •  - 

9  20 

43 

501  6 

13   1   0 

0  0 

27 

12 

1  11 

29  26  0 

11  29 

17 

0 

11 

29  14  0 

1  28 

9 

11 

l 

28  9  0 

20 

41 

55 

20  41  55 

54 

13 
14 

1 

54  13 

1  14 

1 

0  10 

14 

36' 

9 

1  27  23 

t  \ 

55 

31  Mean  Anom. 

i 

0  12 

\Q 

7j 

or 

12  10  7 

of  Aries. 


EX.  III.  Required  the  Suns  true  place  and  anomaly,  July 
28th,  1 5h.  52m.  26  sec.  past  noon,  in  the  year  1980,  0.  S. 

Ans.  4  S.  18°  35  *  8  "  from  the  vernal  equinox,  and  Surfe 
anomaly,  1  S.7  °  18  '9". 


To  find  the  Sun's  Distance  from  the  Moon's  Ascending  Arodc, 
at  the  time  of  any  given  New  or  Full  Moon;  and  consequently 
to  know  whether  there  is  an  Eclijise  at  that  Time,  or  not. 

The  Sun's  distance  from  the  Moon's  ascending  node,  is  the 
argument  for  finding  the  Moon's  fourth  equation  in  the  syzy- 
gies,  and  therefore  it  is  taken  into  all  the  foregoing  examples 
in  finding  the  times  of  these  phenomina. 

Thus,  at  the  mean  time  of  New  Moon  in  July,  1748,  the  Sun's 
mean  distance  from  the  ascending  node  is  5  S.  25  °  30  '  1  ".  Sec 
Example  /.page  175. 
The  descending  node  is  opposite  to  the  ascending  one, and  they 
are,  therefore,  just  six  signs  dUtant  from  each  other. 

When  the  Sun  is  within  17  degrees  of  either  of  the  nodes  at 
the  time  of  New  Moon,  he  will  be  eclipsed  at  that  time:  and 
when  he  is  within  12  degrees  of  either  of  the  nodes  at  the  time 
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of  Full  Moon,  the  Moon  will  be  eclipsed.*  Thus  we  find  there 
Will  be  an  eclipse  of  the  Sun  at  the  time  of  New  Moon  in  Julyy 
1748. 

But  the  true  time  of  that  New  Moon  comes  out  by  the  equa- 
tions to  be  6  minutes  10  seconds  later  than  the  mean  time 
thereof,  by  comparing  these  times  in  the  above  example  :  and 
therefore,  (in  this,  and  all  similar  cases)  we  must  add  the  Sun's 
motion  from  the  node  during  that  interval  to  the  above  mean 
distance,  5  6'.  25*30'  1  ",  which  motion  is  found  in  Table  XII 
for  6  minutes,  10  seconds,  to  be  14  ".  And  to  this  we  must  ap- 
ply the  equation  of  the  Sun's  mean  distance  from  the  node,  in 
Table  XV  found  by  the  Sun's  anomaly,  which  at  the  mean  time 
of  New  Moon  in  example  I.  we  estimated  at  25  °,  and  then  we 
shall  have  the  Sun's  true  distance  from  the  node,  at  the  true 
time  of  New  Moon,  as  follows  : 

Sun  from  Node. 

s     0     '     f   ' 

At  the  mean  time  of  New  Moon  )      0     „n     . 

\n  July,  1748.  S5JoU      l 

•Sun's  motion  from  the  }     6  minutes  >  14 

node  for  \  10  seconds.  \  O 


Sun's  mean  distance  from  node 

at  true  New  Moon 
Equation  of  mean  distance  from 


node,  subtract 


\ 


5   25   50    15 
52 


Sun's  true  distance  from  C  5  25  29  23 

the  ascending  node  ;  that  is,  £  4#  SO'  37"  front 

the  descending   node  ;  which  being  far  within  the  above  limit 
of  17  degrees,  shows  that  the  Sun  must  then  be  eclipsed. 

And  now  we  shall  shew  how  to  project   this,   or   any  other 
eclipse,  either  of  the  Sun  or  Moon. 


*  Note.  This  admits  of  some  variation  :  for  inapogeal  eclipses, 
the  solar  limit  is  but  16f  degrees;  and  in  perigeal  eclipses,  it 
is  18£.  When  the  Full  Moon  is  in  her  apogee,  she  will  be  eclip- 
sed if  she  be  within  10-*-  degrees  of  the  n«de  ;  and  when  she  is 
fall  in  her  perigee,  she  will  be  eclipsed  if  she  be  within  12^, 
*fc^"i  ees  of  the  node. 

25 
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TO  PROJECT  AN  ECLIPSE  OF  THE  SUN. 

In  order  to  this,  we  must  find  the  ten  following  Elements  by 
means  of  the  Tables. 

1.  The  true  time  of  conjunction  of  the  Sun  and  Moon;  and 
at  that  time, 

2.  The  semidiametcr  of  the  Earth's  disk*  as  seen  from 
the  Moon,  which  is  always  equal  to  the  Moon's  horizontal  par- 
allax. 

3.  The  Sun's  distance  from  the  solstitial  colure  to  which  he 
is  then  nearest. 

4.  The  Sun's  declination. 

5.  The  angle  of  the  Moon's  visible  path  with  the  ecliptick. 

6.  The  Moon's  latitude. 

7.  The  Moon's  true  horary  motion  from  the  Sun. 

8.  The  Sun's  semidiameter. 

9.  The  Moon's  semidiameter. 

10.  The  semidiameter  of  the  penumbra. 

We  shall  now  proceed  to  find  these  elements  for  the  Sun's 
Eclipse  in  July,  1748.  O.  S. 

1.  To  find  the  true  time  of  New  Moon.  This,  by  example  I. 
jiagc  175,  is  found  to  be  on  the  14th  dav  of  the  said  month,  at  19 
minutes  58  seconds  past  XI.  in  the  morning. 

2.  To  find  the  Moon's  horizontal  parallax,  or  semidiameter  of 
the  Earths  disk,  as  seen  from  the  Moon.  Enter  Table  XVII. 
with  the  signs  and  degrees  of  the  Moon's  anomaly,  (making 
proportions,  because  the  anomaly  is  in  the  table  only  to  every 
6th  degree,)  and  thereby  take  out  the  Moon's  horizontal  paral- 
lax ;  which,  for  the  above  time  answering  to  the  anomaly  10  ° 
«6'  56",  is  54  '  33  *. 

3.  To  find  the  Sun's  distance  from  the  nearest  solstice,  viz. 
the  beginning  of  Cancer,  which  is  3  signs,  or  90  degrees  fromthe 
beginning  of  Aries. 

It  appears  by  the  example  on  page  187  (where  the  Sun's 
place  is  calculated  to  the   above   time  of  New  Moon)    that  the 


*  Note.  The  body,  or  face  of  the  Sun,  or  Moon,  as  it  appears 
to  a  spectuior  on  the  Earth  ;  or  of  the  Earth,  as  it  would  apj^ear 
to  a  spectator  at  the  Sun,  or  Moon,  is  called  its  Disk. 
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Sun's  longitude  from  the  beginning  of  Aries  is  there  45.  2°  42' 
23",  that  is  2°  42'  23"  from  the  beginning  of  Cancer  ;    Thus 

sO'" 
From  the  Sun's  Longitude  or  place  4     2  42  23 

Subtract,  3     0     0     0 


Remains   the  Sun's  distance  from    the  }  1     2  42  23 
solstice  of  Cancer.  5 

Or,  32°  42'  23"  :  each  sign  containing  30  degrees. 

4.  To  find  the  Sun's  declination.  Enter  Table  XIV.  with  the 
signs  and  degrees  of  the  Sun's  true  place,  viz.  46,  2°  and  mak- 
ing proportion  for  the  42'  23",  take  out  the  Sun's  declination 
answering  to  his  true  place,  and  it  will  be  found  to  be  19°  38'  8" 
North. 

5.  To  find  the  Moon's  latitude.  This  depends  on  her  distance 
from  her  ascending  node,  which  is  the  same  as  the  Sun's  dis- 
tance from  it  at  the  time  of  New  Moon  :  and  with  this  the 
Moon's  latitude  is  found  in  Table  XVI. 

Now  we  have  already  found  that  the  Sun's  equated  distance 
from  the  ascending  node,  at  the  time  of  New  Moon  in  July 
1748,  is  5S.  25°  29'  23".  See  the  189th  fiage.  Therefore, 
enter  Table  XVI.  with  5  signs  at  the  bottom,  and  25  and  26  de- 
grees at  the  right  hand  counted  upward,  and  take  cut  26*  13', 
the  latitude  for  5S.  25°  ;  and  20°  59',  the  latitude  for  5S.  26'  : 
and  by  making  proportion  between  these  latitudes  for  the  29' 
23"  by  which  the  Moon's  distance  exceeds  the  25th.  degree  ; 
her  true  latitude  will  be  found  to  be  23  '  36  "  North  Ascending. 

6.  To  find  the  Moon's  true  horary  motion  from  the  Sun.  With 
the  Moon's  anomaly,  viz.  OS.  10°  56*  56",  enter  Table  XVII. 
and  take  out  the  Moon's  horary  motion  ;  which,  by  making 
proportion  in  that  table,  will  be  found  to  be  30'  14".  Then, 
with  the  Sun's  anomaly,  25°,  takeout  his  horaiy  motion  2'  23" 
from  the  same  table  ;  and  subtracting  the  latter  from  the  for- 
mer, there  will  remain  27'  51"  for  the  Moon's  true  horaiy  mo- 
tion from  the  Sun. 

7.  To  find  the' angle  of  the  Moon's  -visible  path  with  the  Eclifi- 
tick.  This,  in  the  projection  of  eclipses,  may  be  always  rated 
at  5°  35',  without  any  sensible  errour. 

8.  9.  To  find  the  semidiamcters  of  the  Sun  aud  Moon.  These 
are  found  in  the  same  Table,  and  by  the  same  arguments,  as 
their  horary  motions.— In  the  present  case  the  Sun's  anomaly 
gives  his  semidiameter  15'  51",  and  the  Moon's  anomaly  gives 
her  diameter  14*  56". 

10.  To  find  the  semidiameter  of  the  Penumbra.  Add  the 
Moon's  semidiameter  to  the  Sun's,  and  their  sum  will  be  the 
semidiameter  of  the  penumbra,  viz.  30' 47". 
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Now  collect  these  elements,  that  they  may  be  found  (he  more 
readily  when  they  arc-  wanted  in  the  construction  of  this  Eclipse. 

D.  II.  M.  S. 

1.  True  time  of  New  Moon  in  July,  1748,        14   11    19  58 


2*.  Sun's  diameter  of  Earth's  disk, 

3.  Sun's  distance  from  the  nearest  solstice, 

4.  Sun's  declination.  North, 

5    Moon's  latitude  North  descending, 

6.  Moon's  horary  motion  from  the  Sun, 

7.  Angle  of  the  Moon's  visible  path  with 

the  ecliptick, 

8.  Sun's  semidiameter, 

9.  Moon's  semidiameter, 

10.  Semidiameter  of  the  penumbra, 


TO  PROJECT  AX  ECLIPSE  OF  THE  SUX 
GEOMETRICALL  Y. 

Make  a  scale  of  any  convenient  length,  as  A.  C.  (Fig.  1.)  and 
divide  it  into  60  equal  parts,  reckoning  each  part  to  be  one 
minute,  or  the  sixtieth  part  of  a  degree. 

Then,  take  the  semidiameter  of  the  Earth's  disk,  54  minutes, 
33  seconds,  (or  5A\)  from  the  scale,  in  your  compasses  ;  and  with 
that  extent,  set  one  foot  in  the  end  C  of  the  scale  as  a  centre  ; 
and  with  the  other  foot  describe  the  semicircle  A  D  B,  for  the 
circumference  of  the  northern  half  of  the  Earth's  illuminated 
disk,  or  surface,  because  we  live  on  the  north  side  of  the  Equa- 
tor; continue  the  line  A  C  to  B  ;  so  A  C  B  shall  be  a  portion 
of  the  Ecliptick,  equal  to  the  diameter  of  the  Earth,  as  seen  from 
the  Sun,  or  Moon  at  that  time. 

Upon  the  centre  C,  raise  the  straight  line  C  D  IT,  perpendic- 
ular to  A  C  B  ;  and  call  the  line  C  D  II,  the  axis  of  the  ecliptick. 

Being  provided  with  a  good  sector,  open  it  to  the  radius  C  A 
in  the  line  of  chords;  and  taking  from  thence  the  chord  of  23-*- 
degrees  in  your  compass,  set  it  off  both  ways  from  D  to  G  and 
to  E,  in  the  periphery  of  the  semi-disk.  [But,  as  much  the 
greater  number  of  those  into  whose  hands  this  work  may  fall, 
are  not  supposed  to  be  thoroughly  skilled  in  the  use  of  Mathe- 
matical Instruments,  we  shall  pursue  somewhat  a  different 
method  ;  which,  in  point  of  simplicity  and  precision,  is  no  less 
preferable  :]  Or  : — 

Divide  the  quadrants  A  D  and  D  B,  each  into  90  equal  par  £', 
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for  degrees,  beginning  at  D.  Then  connect  the  points  E  and  G 
("which  are  distant  23-£  degrees  on  each  si<ie  o£  D)  with  the 
straight  line  E  F  G  ;  in  which  the  North  pole  P  of  the  Earth's 
disk,  will  always  be  found. 

When  the  Sun  is  in  Aries,  Taurus,  Gemini,  Cancer,  Leo,  and 
Virgo,  the  North  pole  of  the  Earth  is  enlightened  by  the  Sun  : 
but  while  the  Sun  is  in  the  other  six  signs,  the  Souih  pole  is 
enlightened,  and  the  North  pole  is  in  the  dark. 

And  when  the  Sun  is  in  Capricorn,  Aquarius,  Pisces^  Aries, 
Taurus,  and  Gemini;  the  northern  half  of  the  Earth's  axis 
C  !XII  P  lies  to  the  right  hand  of  the  :>xis  of  the  ecliptick,  as 
seen  from  the  Sun  ;  and  to  the  left  hand,  while  the  Sun  is  in  the 
other  six  signs. 

The  order,  and  the  names  of  the  Signs,  the  months  and  days 
of  the  year,  in  which  the  Sun  appears  to  enter  these  Signs,  ale 
as  follows  : 

00  (2)  (3.)  (4.)            (5.)  (6.) 

Aritay  Taurus,  Gemini,  Cancer,  Leo,  Virgoy 

March,  April,  May,  June,  July,  August, 

20,  20,  21,"  21,  23,  25, 

(*0  (8-)  (9.)  (10,)  (HO  ('.2,) 

Libra,  Scorpio,   Sagittarius,   Ca/iricornus,  Aquarius,  Pisces, 

Sept.  October,  November,  December,  January,    February, 
23,  23,  22,  21  20,  19. 

Open  the  sector,  till  the  radius  (or  distance  of  the  two  90's^) 
of  the  signs  be  equal  to  the  length  of  D  G,  and  take  the  sine  of 
the  Sun's  distance  from  the  solstice  (32  &  42  '  23  ")  as  nearly 
as  you  can  guess,  in  your  compasses,  from  the  line  of  sines,  and 
set  off  that  distance  from  F  P,  in  the  line  E  F  G,  because  the 
Earth's  axis  lies  to  the  left  hand  of  the  axis  of  the  ecliptick,  as 
seen  from  the  Sun  in  the    month  of  July.     Or; 

Set  one  foot  of  the  compasses  in  the  point  F,  where  the  line 
E  F  G  intersects  the  axis  of  the  ecliptick  C  D  II  ;  and,  having 
extended  the  other  foot  from  F  to  E,  or  from  F  to  G,  describe 
the  semicircle  E  H  G,  and  divide  its  quadrant  H  E  into  90  equal 
parts  or  degrees. — If  the  Earth's  axis  had  lain  to  the  right  hand 
irom  the  axis  of  the  ecliptick,  the  quadrant  PIG  must  have 
been  divided  into  90  degrees,  and  not  the  quadrant  H  E. 

As  the  Sun  is  32  degrees  42  minutes  23  seconds,  (which 
may  be  estimated  32y  degrees)  from  the  nearest  (or  summer) 
solstice,  which  is  the  rirat  point  of  Cancer,  on  the  noon  of  the 
14th  of  July  1748,  draw  the  right  line  I  P,  parallel  to  II  D,  from 
32  j  degrees  of  the  quatlrant  H  E  till  it  meets  the  line-  E  F  G  at 
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P,  then  from  P  to  C,  draw  the  right  line  PC;  so  P  C    shall  be 
the  northern  half  of  the  Earth's  axis,  and  P  the  North  pole. 

As  the  Sun  is  on  the  North  side  of  the  Equator  in  July,  and 
consequently  nearer  the  point  of  the  heaven  just  over  London 
(or  the  vertex  of  London)  than  the  Equator  is  ;  subtract  his  de- 
clination, 19  degrees  38  minutes  (neglecting  the  8  seconds) 
from  the  Latitude  of  London,  51  degrees  30  minutes,  and  the 
remainder  will  be  31  degrees  52  minutes,  for  the  Sun's  distance 
Irom  the  vertex  of  London  on  the  noon  of  July  the  14th. 

From  the  point  k  (in  the  right  hand  side  of  the  semicircle 
A  D  li)  at  31  degrees  52  minutes,  counted  upward  from  B, 
draw  k  /,  parallel  to  CD:  and  taking  the  extent  k  I  in  your 
compasses,  set  it  from  C  to  XII  on  the  Earth's  axis  C  P.  So, 
the  point  XII  shall  be  the  place  of  London,  at  the  instant  when 
it  is  noon  at  that  place  on  the  14th.  olJuly  1748. 

Add  the  Sun's  declination  19°  38%  to  the  Latitude  of  London 
51°  30',  and  the  sum  will  be  71  degrees  8  minutes,  for  the  Sun's 
distance  from  the  vertex  of  London  on  the  14th  of  July  at  mid- 
night.    Therefore, 

From  71°  8',  counted  upward  from  B  to  m  in  the  right  hand' 
side  of  the  semicircle  A  D  B,  draw  the  right  line  m  n  parallel 
to  CD. 

Then,  taking  the  extent  m  n  in  your  compasses,  set  it  from 
C  towards  or  beyond  P  on  the  Earth's  axis  C  P,  as  it  happens 
to  reach  short  of  P  or  beyond  it  :  but  in  the  present  case,  it 
reaches  so  little  above  P,  that  we  may  reckon  C  P,  to  be  its 
whole  extent:  and  so,  the  point  P  shall  represent  the  place  or 
situation  of  London  at  midnight,  beyond  the  illuminated  part  of 
the  Earth's  disk,  as  seen  from  the  Sun  ;  and  consequently,  in 
the  dark  part  thereof. 

Divide  the  part  of  the  Earth's  axis  between  XII  and  P  into- 
two  equal  parts,  XII  K  and  P  K  ;  then,  through  the  point  K, 
draw  the  right  line  VI  K  VI  (till  it  meets,  on  each  side,  the 
periphery  of  the  disk)  perpendicular  to  the  Earth's  axis  C  XII 
K  P. 

Now,  to  draw  the  parallel  of  latitude  of  any  given  place,  as 
suppose  London,  or  the  path  of  that  place  on  the  Earth's  en- 
lightened disk,  as  seen  from  the  Sun,  from  Sun-rise  till  Sun-set, 
proceed    as  follows* 

Subtract  the  Latitude  of  London,  51°  30',  from  90°  00',  and 
there  will  remain  38|  for  its  colatitude,  which  take  in  your  com- 
passes, from  the  line  of  chords,  making  C  A  or  C  B  radius  ;  Or, 

From  38^  degrees,  counted  upward  from  B  to  v  in  the  semi- 
circle A  D  B,  draw  the  right  line  v  <w  ;  and,  having  taken  its 
length  in  your  compasss,  set  off  that  extent  both  ways  from  K  in. 
the  Earth's  axis,  to  VI  and  VI,  in  the  line  VI  K  VI. 
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The  compasses  being  opened  from  K  to  VI,  set  one  feet  in  K  as 
a  centre,  and  with  the  other  describe  the  semicircle  VI  7  8  9  10 
1  1  12  1  2  3  4  5  VI,  and  divide  it  into  12  equal  parts,  Then, 
from  these  points  of  division  (7  8  9,  &c.)  draw  the  doited  lines 
7  a,  8  b,  9  c,  10  d,  &c.  all  parallel  to  the  Earth's  axis  C  XII  P 
as  in  the  figure. 

With  the  small  extent  P  K  as  radius,  desciibe  the  semicir- 
cle P  6  5  4  3  2  1  XII,  and  divide  the  lower  quadrant  into  6  equal 
parts  as  in  the  points  1,2,  3,  4,5,  6  ;  because  the  Sun  has 
North  declination. 

But  if  the  Sun  had  South  declination,  the  other  quadrant 
must  have  been  so  divided.  L 

Through  the  said  division  points  of  the  quadrant  XII  12  5  4 
&c.  draw  the  rightJines  XI  1  XI,  X  2  X,  IX  3  IX,  VIII  4  VII* 
VII  5  VII,  all  parallel  to  the  right  line  VI  K  VI  ;  and  through 
the  points  where  these  lines  meet  the  former  parallel  lines  7  a 
8  b,  9  c,  10  d,  Sec  draw  the  elliptical  curve  VI  VII  VIII  IX  X 
XI  XII  I II  III  IV  V  VI,  which  may  be  done  by  hand,  fVoni 
point  to  point  ;  and  set  the  hour-letters  to  these  points  where 
the  right  lines  meet  in  the  curve,  as  in  the  figure.* 

This  curve  shall  represent  the  parallel  of  Latitude  of  London, 
or,  the  path  which  London  (by  the  Earth's  motion  on  its  axis) 
appears  to  describe  on  the  Earth's  disk,  as  seen  from  the  Sun  on 
the  14th  oiJuly^  from  VI  in  the  morning  untill  VI  in  the  eve- 
ning :  and  the  points  VI,  VII,  VIII,  IX,'  Sec.  in  the  curve  shall 
be  the  point  of  the  disk  where  London  would  be  at  each  of  the«e 
hours  respectively,  as  seen  from  the  Sun. 

If  the  Sun's  declination  had  been  as  fur  South  as  it  was  North 
the  diurnal  path  of  London  would  have  been  on  the  upper  side 

?-t1i hvm  S  \  1 ;  th-at  1S  the  elUpse'  of  which  the  c«rve  VI 
\  II,  VIII,  IX,  X,  Sec.  is  a  part,  would  have  been  comhlete. 
and  must  have  been  regulated  by  dividing  the  upper  quad- 
rant P  6  (of  the  small  semicircle)  into  6  equal  parts,  and 
drawing  lines  parallel  to  VI  K  VI,  as  before,  till  they  meet 
the  intercepting  lines  drawn  through  the  division  points  of  the 
quadrant  P  C.  The  points  in  which  this  elliptical  curve  would 
touch  the  periphery  of  Earth's  disk,  would  denote  the  instant 
of  the  Sun  s  rising,  and  of  setting  at  the  given  place 

MakeC  A  or  C  B  the  radius  of  a  line  of  chords  on  the  sec- 
tor, and  take  therefrom  the  chord  of  5  °  35  ',  the  angle  of  the 
Moon  s  visible  path  with  the  Ecliptick  :  Or, 

From  the  P°int  M>  viz-  ^  5  degrees  35  minutes,  to  the  right 

*^\?wThe  hourletters  on  the  right  hand  side  of  XII,  to- 
wards V  I  (in  the  Figure)  viz.  XI  X  IX  VIII  VII,  is  an  errour 
in  sculpture  ;  it  ought  to  be  I  II  III  IV  V  Sec.  The  reader  is 
therefore  required,  to  correct  this  trivial  mistake  in  projecting 
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.  i  nf  .be  axis  of  the  Ecliptick  C  D,  (haw  (he  right  line 
Sc  t  he  £u  of  the  Moon's  orbit  as  seen  from  the  Sun  he- 
c  use  the  Moon's  Latitude  is  AM  defending,  on  the  1 4th  /.to 
?74S  If  her  Latitude  had  been  Abr*A  a«r«rftoff,  the  axis  of 
hIr  orbit  must  have  been  drawn  5  degrees  35  minutes  on  the 
l»ft  hand  from  the  axis  of  the  Ecliptick. 

leNK  The  axis  of  the  Moon's  orbit  lies  0""%*?***™ 
he  L uitudc  is  South-ascending,  as  when  it  is  Nor  h-ascen  - 
Si  ;  and  fie  same  way  when  South  descending,  as  when  North 

^Sc^M.w-.  Latitude  23'  36",  from   the    scale  C  A   it. 

^mrLses and  set  that  extent  from  C   to    g   on  the  axis 

Km   7th* £u?tick.  Then,  through   the   point  g ,  draw the 

(C  D)   ot  tne  r.c  perpendicular  to  the  axis  of 

rJ?hMU   „£orWtC  «  M  ;  and  this  Hue  shall  be  the    path  of  the 
the  Moon  sorbite  zM,  a  Earth  ,  ^  wi„  rep 

centre  of  the  Moon ^s  snanov  ^  ^  as 

S«  J  ttSttStfS  time  that  her  shadow  or  penumbra  >s 

^itonlh^icA  C,  take  the  Moon's  tarn, motion 

r  ,i,r.   Sun   "7'  51  ",  in  vour  compasses  ;  and   ma*e  me 

f'°nn  sctle  A  B  (Ffg.  S  )  equal  in  length  to  ,taf  extent :  and 

T   ,.    t!   s  scale   toto  60;  equal  parts,  for  so  many  minutes  of 

Tien   as  the    ime  of  New  Moon,  on  the  14th   of  July, 

St  ck   and  The  axis  C  M  of  the  Moon's  orbit,    intersect  the 
SJT-  Path  of  the  penumbra  s  centre  on    h    La,  h 

Take  lhnCdWwhh   ^    x  I  "C  Jke  mAa,  ks(  along  the  Le  IX  X 

XTXII  T,t     both  wa.  from  XI  ;  and  set  the  hour-le«ers  to 

.  ,VJ   „  in  the  fieure.  Then,  from  the  scale  A  B  (1  ig.Z  ) 

these  marks,  as  mtnc  "a"  rt     or 

rrrr^t^lrrortL^penumbrafa.ls.ateveryhourandmir, 
utc,  during  its  transit  over  the  Earth. 

the  right.] 
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Apply  one  side  of  a  square*  to  the  line  of  th,e  penumbra's 
path,  IX  X  XI,  8cc.  and  move  the  square  forward  and  back- 
ward till  the  other  side  cuts  the  same  hour  and  minute,  as  at 
rand*,  both  hVthe  path  of  the  penumbra's  centre,  and  the  path  of 
London:  and  the  minute  which  the  square  cuts  at  the  same 
instant  in  both  these  paths,  is  the  instant  of  the  visible  conjunc- 
tion  of  the  Sun  and  Moon,  or  the  greatest  obscuration  of  the 
Sun,  at  the  place  for  which  the  construction  is  made,  namely, 
lLondon,  in  the  present  example  ;  and  this  instant,  according  to 
the  projection,  is  at  34*  minutes  past  X  o'clock  in  the  morning. 

Take  the  Sun's  semidiameter  15 '51  "in  your  compasses, 
from  the  scale  A  C,  (Fig.  1 .)  ;  and  setting  one  foot  at  r,  as  a  cen- 
tre m  the  path  of  London,  namely,  at  34£  minutes  past  X,  with 
the  other  foot  describe  the  circle  R  S  for  the  Sun,  or  which  shall 
represent  the  Sun's  disk  as  seen  from  London  at  the  greatest 
obscuration. 

Then  take  the  Moon's  semidiameter  14'  56"  in  your  com- 
passes from  the  scale ;  and  setting  one  foot  in  the  Moon's  path 
at  5,  34§  minutes  past  X,  with  the  other  foot  describe  the  circle) 
T  U,  for  the  Moon's  disk,  as  seen  from  London,  at  the  moment 
When  the  eclipse  is  at  the  greatest ;  and  the  portion  of  the  Sun's 
disk  which  is  hid  or  obscured  by  the  Moon's,  will  shew  the 
quantity  of  the  eclipse  at  that  time;  which  quantity  maybe 
measured  on  a  line  as,  12  5  4  5  6,  Sec.  equal  to  the  Sua's  diam- 
eter, and  divided  into  12  equal  parts  for  digits  jf  of  which  ac- 
cording to  the  present  projection,  there  are  9 -J  digits  eclipsed. 

Lastly,  take  the  semidiameter  of  the  penumbra  30'  47"  from 
the  scale  C  A,  (fig  I.)  in  your  compasses  ;  and  setting  one  foot 
in  the  path  of  the  penumbra's  centre,  direct  the  other  foot  to 
the  path  of  London  among  the  morning  hours  at  the  left  hand  ■ 
and  carry  that  extent  backward  and  forward,  till  both  points  of 
the  compasses  fall  into  the  same  instant  in  both  the  path's  ;  and 
that  instant  will  denote  the  time  when  the  Eclipse  began  at 
London.  Then,  do  the  like  on  the  right  hand  of  the  axis  of 
the  ecliptick  ;  and  where  the  points  of  the  compasses  fall  into 
the  same  instant  in  both  the  paths,  that  instant  will  be  the  time 
when  the  Eclipse  ended  at  London. 

These  trials  give  7\  minutes  after  IX  in  the  morning  for  the 
the  beginning  ot  the  Eclipse  :  34*  minutes  after  X,  for  the  time 
of  greatest  obscuration;  and  13*  past  XII,  for  the  time  when 
the  Eclipse  ended. 


Note.  *The  learner  will  find  it  convenient  to  be  provided 
with  a  small  wooden  square,  the  two  sides  of  which  are  about 
6  inches  in  length. 

t  A  Digit  is  a  12th  part  of  the  apparent  diameter  of  the- 
bun  fir  Moon. 
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From  these  limes  wo  must  subtract  the  equation  of  natural 
(lays,  viz.  6  minutes,  in  July  I  4th.  and  we  shall  have  the  appar- 
ent limes  ;  namely,  I  minute  30  seconds  past  IX,  for  the  be- 
ginning1  of  the  Eclipse,  28  miniftes  30  seconds  past  X,  for  the 
time  of  greatest  obscuration,  and  7~  minutes  past  XII  for  the 
time  when  the  Eclipse  ended.  But  the  most  convenient  way  is 
to  apply  this  equation  to  the  true  equal  time  of  New  Moon, 
before  the  projection  be  begun,  as  is  done  in  Example  I. 

For  the  motion  or  position  of  places  on  the  Earth's  disk,  an 
svver  to  apparent  or  solar  time. —  (See  Mr.  Patterson's  Edition 
of  Fugesonys  Astronomy,  page  340.— also  his  introduction  to 
Astronomy,  p.  163 — 171,  and  End.  Aat  Phil.  p.  391 — 394. 


TO 


PROJECT  AX  ECLIPSE   OF  THE  MOOX. 


When  the  Moon  is  within  *i2  degrees  of  cither  of  her  Nodes, 
at  the  time  when  she  is  full,  she  will  be  eclipsed,  otherwise  she 
will  not. 

We  find  by  Example  III.  page  178,  that  at  the  time  of  mean 
Full  Moon  in  April,  the  Sun's  distance  from  the  ascending  node 
was  1  \S  26°  53'  2"  ;  that  is  only  3"°  6'  58"  short  of  her  descen- 
ding node,  and  the  Moon  being  then  opposite  to  the  Sun,  must 
have  been  just  as  near  her  ascending  node,  and  was  therefore 
eclipsed. 

The  Elements  for  constructing  an  Eclipse  of  the  Moon  are 
eight  in  number,  as  follows  : 

1.  The  true  time  of  Full  Moon  :  and  at  that  time. 

2.  The  Moon's  horizontal  parallax, 

0.  The  Sun's  semidiameter. 

4.  The  Moon's  semidiameter. 

5.  The  semidiameter  of  the  Earth's  shadow  at  the  Moon. 

6.  The  Moon's  Latitude. 

7.  The  angle  of  the  Moon's  visible  path  with  the  Eciiptick. 

8.  The  Moon's  true  horary  motion  from  the  Sun. 

Therefore, 

1.  To  find  the  true  time  of  Full  Moon.  Work  as  already 
taught  in  the  Precepts. — Thus  we  have  the  true  time  of  Full 
Moon  in  April,  1819,  (see  Example  III.  fiag?  17S,J  on  the 
10th  day,  at  1  I  minutes  48  seconds  past  I  o'clock,  P.  INI. 

2.  To  find  the  Moon  s  horizontal  parallax.  Enter  Table 
XVII.  with  the  Moon's  mean  anomaly  (at  the  above  time  of  Full 
Moon)  2  S  27  °  43  '  47  ",  and  thereby  take  out  her  horizontal 
parallax;  which,  by  making  the  requisite  proportion,  will  be 
found  to  be  57  '  20  ". 
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3,  4.  To  find  the  scmidiametcr  of  the  Sun  and  Moon.  Enter 
Table  XVII.  with  their  respective  anomalies,  the  Sun's  being 
9  S  7  °  38  '  53  ",  (by  the  aforesaid  Example)  and  the  Moon's  2 
5  27  °  43  "  47  "  ;  and  thereby  take  out  their  respective  scmidi- 
ameters  :  The  Sun's  16'  4",  and  the  Moon's  15  '  58  ". 

5.  To  Jind  the  semidiametcr  of  [he  Earth's  shadow  at  the 
Moon.  Add  the  Sun's  horizontal  parallax,  which  is  always  10  ", 
to  the  Moon's,  which,  in  the  present  case  is  57  '  20  ",  and'the 
sum  will  be  57  '  30  ",  from  which  subtract  the  Sun's  semidiame- 
ter  16  '  4  ",  and  there  will  remain  41  '  26  "  fur  that  part  of  tkc 
Earth's  shadow  which  the  Moon  then  passes  through. 

L.  To  fad  the  Moon's  Latitude.  Find  the  Sun's  true  dis- 
tance from  the  ascending  node  (as  sriready  taught  in  page  1S9) 
at  the  true  time  of  Full  Moon  ;  and  this  distance,  increased  by 
six  signs,  will  be  ifte  Moon's  true  distance  from  the  same  node; 
and  consequently  the  argument  for  funding  her  true  latitude,  as 
shewn  in  page  19  1. 

Thus,  in  Example  III.  the  Sun's  mean  distance  from  the  as- 
cending node,  was  116'  26  °  53  '  2  ",  at  the  time  of  mean  Full 
Moon  :  but  it  appears  by  the  Example,  that  the  true  time  there- 
of, was  13  hours,  55  minutes,  33  seconds,  later  than  the  mean 
time,  and  therefore  we  must  add  the  Sun's  motion  from  the 
node  (found  in  Table  XII.)  during  this  interval,  to  the  above 
mean  distance  \\S,  2G°  53' 2",  in  order  to  have  his  mean  dis- 
tance from  it  at  the  true  time  of  Full  Moon.  Then  to  this  apply  the 
equation  of  his  mean  distance  from  the  node  (found  in  Table 
XV.)  by  his  mean  anomaly  9S  7°  38'  53"  ;  and  lastly,  add  six 
signs  :  so  shall  the  Moon's  true  distance  from  the  ascending 
'node  be  found,  as  follows  : 

s     0     '     " 

Sun's  distance  from  node  at  mean  Full  Moon,  1 1   26  53     2 
f  13  hours  32     2 

Add. his  motion  from  it  in-<  55  minutes  2    15 

(.  33  seconds,  1 

Sun's  mean  distance  at  true  Full  Moon, 
Equation  of  his  mean  distance,  add 

Sun's  true  distance  from  the  node, 
To  which,  add 

And  the  sum  will  be  5   29   3  1    20 

Which  is  the  Moon's  true  distance  from  her  ascending  node 
at  the  true  time  of  her  being  full  ;  and  consequently  the  argu- 
ment for  finding  her  true  latitude  at  that  time.  Therefore, 
with  this  argument,  enter  Table  XVI.  making  proportion 
b:'.\VwC;>  the  latitudes  belonging  to  the   5th  and   eih    degree  of 


11    27   27 

20 

2      4 

0 

11    29    31 

20 

6      0      0 

0 
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the  argument  at  the  right  hand  (the  signs  being  al  the  bottom) 
for  the  31'  20",  and  it  will  give  2'  41"  for  the  Moon's  true  Lat- 
itude, which  appears  by  the  Table  to  be  North  descending. 

7.  Tojind  the  angle  of  the  Moon's  visible  fiat h  with  the  Eclifi- 
tick.  Tiiis  may  be  reckoned  5°  35%  without  any  perceivable 
crrour  id  the  projection  of  Eclipses. 

8.  To  find  the  Moons  true  horary  motion  from   the  Gun. 

With  their  respective  anomalies  take  out  their  horary  mo- 
tions from  Table  XVII.  and  subtract  the  Sun's  horary  motion 
from  the  Moon's  ;  the  difference  will  be  the  Moon's  true  hora- 
ry motion  from  the  Sun  :  in  the  present  case  30'  49". 

Now  collect  these  elements  together  for  use. 

D    PI   M  S 
1'.  True  time  of  Full  Moon  in  Jjiril,  1819        10     1    1 1   48 


2.  Moon's  horizontal  parallax, 

3.  Sun's  semuiiaineter 

4.  Moon's  semidiameter, 

5.  Semidiameter  ofEearth's  shadow  at  the  A 

6.  Moon's  true  Latitude,  North  descending, 

7.  Angle  of  the  Moon's  jjjsiblc  path  with  the  ^ 

Ecliptick,  3 

8.  Her  true  horary  motion  from  the  Sun.  30  49 


o 

j 

>» 

0 

57 

20 

0 

16 

4 

0 

15 

38 

loon,  0 

41 

26 

0 

2 

41 

5   35 


These  Elements  being  accurately  prepared  for  the  construc- 
tion of  the  Moon's  Eclipse  in  Afiril  1819,  proceed  as  follows  : 

Make  a  scale  of  any  convenient  length,  A  13,  Fig.  3.  and  di- 
vide it  into  60  equal  parts,  each  part  answering  to  a  minute  of 
a  degree. 

Draw  the  right  line  A  B,  (Fig.  4.)  for  part  of  the  ecliptick, 
and  K  D  perpendicular  to  A  B  for  the  northern  part  of  its  axis  ; 
the  Moon  having  North  Latitude. 

Add  the  semidiameters  of  the  Moon  and  Earth's  shadow  to- 
gether, which,  in  this  Eclipse,  will  make  56'  4"  ;  and  take  this 
from  the  scale  in  your  compasses,  and  setting  one  foot  in  the 
point  where  the  axis  RD  of  the  Ecliptick  meets  the  right  line 
A  B  as  a  centre,  describe  the  circle  ADENO;  in  one  point 
of  which  the  Moon's  centre  will  be  at  the  beginning  of  the 
Eclipse,  and  in  another  point  opposite  to  the  former,  at  the  end 
of  the  Eclipse. 

N.  B.  If  the  Moon's  NorthL  atitude  had  been  equal  to  twice 
her  semidiameter,  it  would  have  been  sufficient  to  describe  on- 
ly the  semicircle  AD  E  N. 

But  in  case  her  Latitude  had  been  South,  and  equal  to  twice 
ber  semidiameter  ;  we  must  have  described  the  semicircle  N 
O  A.     When  her  Latitude  (whether  North   or  South;)   is  Jc^s 
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fehau  twice  her  scmidiamctcr,  it  will  be  best  to   describe  a  com- 
prletc  circle,  as  in  the  Plate,  fig,  4. 

Take  the  semidiametcr  of  the  Earth's  shadow,  41'  26",  in 
your  compasses  from  the  scale,  and  setting  one  foot  in  the  same 
point  for  a  centre  as  before,  -with  the  other  describe  the  circle 
W  L  Y  M  for  the  whole  circumference  of  the  Earth's  shadow 
at  the  Moon,  through  which  she  passes  at  her  full,  Afiril  1819. 

Make  R  D  the  radius  of  a  line  of  chords  on  the  sector,  and 
sot  off  the  angle  of  the  Moon's  visible  path  with  the  Ecliptick, 
5°  35',  from  DloE;  (or,  by  dividing  the  quadrant  1)  E  N  into 
'JO  equal  parts,  as  in  Fig.  1.)  and  draw  the  right  line  T  E  for  the 
northern  half  of  the  axis  of  the  Moon's  orbit,  lying  to  the  right 
hand  from  the  axis  of  the  Ecliptick  R  D,  because  the  Moon's  lat. 
is  North  descending.  It  would  have  been  the  same  way  (on 
the  south  side  of  the  ecliptick)  if  her  Latitude  had  been  South 
descending  ;  but  contrary  in  both  cases,  that  is,  to  the  right 
hand  from  the  axis  of  the  Ecliptick  ;  if  her  Latitude  had  been 
either  North  ascending  or  South  ascending. 

Take  the  Moon's  Latitude,  2' 41",  from  the  scale  in  your 
compasses,  and  set  oft'  that  extent  from  the  point  in  which  the 
perpendicular  R  D  falls  upon  the  right  line  A  W  13,  to  T  in  the 
axis  of  the  Moon's  orbit  ;  and  through  the  point  T,  at 
right  angles  to  T  E,  draw  the  right  line  P  R  T  N  for  the  path 
of  the  Moon's  centre. 

Then,  T  shall  be  the  point  in  the  Earth's  shadow,  where  the 
Moon's  centre  is  at  the  middle  of  the  Eclipse  ;  the  midle  point 
between  R  and  T  (which  was  not  designated  for  want  of  room,) 
will  be  the  point  where  her  centre  is  at  the  Tabular  time  of  her 
being  full  ;  and  R,  the  point  where  her  centre  is  at  the  instant 
of  ecliptical  opposition. 

Take  the  Moon's  horary  motion  from  the  Sun,  30  '  49  ",  in 
your  compasses  from  the  scale  A  B  (Fig  3.)  and  with  that  extent 
make  the  small  scale  (Fig.  5.)  an  divide  it  into  60  equal  parts, 
or  horary  minutes- — Then  as  the  true  lime  of  Full  Moon  in 
Afiril  IS  19,  was  at  1 1  minutes  48  seconds,  or  1  If-  minutes  past  I 
o'clock;  take  11*  minutes  from  the  (last  mentioned)  scale  in 
your  compasses,  and  set  that  extent  from  the  point,  signifying 
the  instant  of  Full  Moon  (which  is  mid-way  between  R  and  T) 
to  the  left  on  the  line  (P  R  T  N)  of  the  Moon's  centre,  so  shall 
that  extent  fix  the  point  where  the  centre  of  the  Moon  is  at  the 
instant  when  it  is  I  o'clock  at  London. 

From  this  point  I,  with  the  whole  length  of  the  scale  (Fig.  5.) 
in  your  compasses,  nuke  marks  along  the  whole  length  of  the 
line  in  the  path  of  the  Moon's  centre,  and  set  the  hour  letters  to 
these  marks,  as  in  the  figure  :  then  divide  each  space  from  mfrni 
to  mark,  into  60  equal  parts  or  horary  minutes,  as  in  (Fig.  5.) 
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Take  the  Moon's  semidiameter,  15*58  ",  in  your  compasses, 
from  the  scale  A  IS,  and  with  that  extent,  as  a  radius,  upon  the 
points  N,  T,  and  P,  as  centres,  describe  the  circle  Q  for  the 
Moon  at  the  beginning-  of  the  Eclipse,  when  she  touches  the 
Earth's  shadow  at  V  ;  the  circle  R  for  the  Moon  at  the  middle 
of  the  Eclipse,  and  the  circle  S  for  the  Moon  at  the  end  of  the 
Eclipse,  just  leaving  the  Earth's  shadow  at  W. 

The  point  N  denotes  the  instant  when  the  Eclipse  begins, 
namely,  at  25  minuies  30  seconds  after  XI  in  the  morning  :  the^ 
point  T  the  middle  of  the  Eclipse,  at  10  minutes  18  seconds* 
past  I  o'clock  in  the  afiernoon  ;  and  ike  point  P  the  end  of  the 
Eclipse,  at  58  minutes  after  IE — Thus  it  appears,  that  the  Moon 
was  totally  eclipsed  for  the  space  of  2  hours,  42  minutes,  50 
seconds. 

MORE  EXAMPLES. 

Exp.  Let  it  be  required  to  find  the  Elements  for  the  Solar 
Eclipse  which  happened  in  Ajiril  1764,  New  Style. 

D.  H.  M.  S. 
1.  True  New  Moon  A/iril,  1764.  1    10  50  25 


2.  Semidiameter  of  the  Earth's  disk, 

3.  Sun's  distance  from  nearest  solstice, 

4.  Sun's  declination,  North. 

5.  Moon's  Latitude,  North  ascending. 

6.  Moon's  horary  motion  from  the  Sun.< 

7.  Angle  of  the  Moon's  visible 

path  with  the  Ecliptick. 

8.  Sun's  semidiameter, 

9.  Moon's  semidiameter, 

10.  Semidiameter  of  the  Penumbra 
This  Eclipse  was    nearly  central,  and  annular.* 


0 

> 

>> 

0 

54 

43 

77 

49 

53 

4 

49 

0 

0 

40 

18 

0 

27 

54 

5 

35 

0 

16 

6 

14 

5T 

31 

3 

*  Note.  In  annular  eclipses,  the  light  of  the  Sun  is  left  all 
around  the  Moon  in  a  c.ircillr  form.  Annular ■,  from  the  Latin 
annuiu^y  a  ring:. 
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for 

t! 

e  Lunar 

I). 

11. 

M. 

S. 

8 

5 

50 

50 

o 

1 

»» 

0 

57 

20 

0 

15 

56 

t> 

15 

39 

0 

41 

34 

0 

32 

21 

5 

35 

0 

0 

30 

52 

Exr.  Let  it  be  required  to  find  the  Elements 
Eclipse  in  May,  1762,  N.  S. 

1.  True  Full  Moon  in  Marft  1762. 


'     2.  Moon's  horizontal  parallax. 

3.  Sun's  semidiameter. 

4.  Moon's  semidiameter. 

5.  Semidiameter  of  Earth's  shadow  } 

at  the  Moon.  £ 

6-  Moon's  true  Latitude,  South  descending. 

7.  Angle  of  the  Moon's  visible 

path  with  the  Ecliptick. 

8.  Her  horary  motion  from  the  Sun. 

Ex.  3.  Required  the  Elements  for  the  Eclipse  of  the  Sun, 
Ajinl  24th,  1819  ? 

Ex.  4.  Required  the  Elements  for  the  Lunar  Eclipse,  Oct, 
3d,  1819  ?  (total.) 

Ex.  4.  Let  it  be  required  to  calculate  the  Elements  for  the 
Lunar  Eclipse,  March  29th;  1820  ? 

Ex.  6.  In  the  year  1823,  there  will  be  four  Eclipses  ;  namely, 
two  of  the  Sun,  one  February  1  lib  ;  and  the  other  July  the  8th: 
and  two  of  the  Moon,  one  January  26th,  and  the  othei  July  23d, 
(both  total.)  Let  it  be  required  (o  find  the  respective  Ele- 
ments for  the  construction  of  these  Eclipses  ? 

Ex.  7.  In  the  year  1326,  there  will  be  two  Eclipses  of  the 
Moon  ;  viz.  May  2  1st,  and  November  1 1th,  (both  total.)  What 
are  the  Elements  belonging  to  each  ? 

Ex.  8.  What  are  the  proper  Elements  for  constructing  an 
Eclipse  of  the  Sun,  which  will  Uappea  July  29th,  1980,  Old 
Style  ? 

To  find  Ike  number  of  Eclifises  there  arc  in  ar.y  given  yearx 
unci  in  what  Mont/is  'hey  hafi/ien. 

Precept.  Enter  Table  XVIII.  and  take  out  the  mean  Lon- 
gitude of  the  Moon's  Nodes  for  the  given  year  ;  with  which  en- 
ter Table  XIX.  and  find,  in  that  table,  when  the  Sun*V>  Longi- 
tude will  be  nearly  the  same  of  six  *igns  different.  ;  and  the  day 
of  the  month  in  which  these  numbers  are  so  found,  will  be  the 
time  required. 

EXAiMPLES. 

1.  It  is  required  to  find  the  number  of  Eclipses  in  the  year 
1796  ;  and  in  what  months  fehey  wiil  happen. 

The  mean  Longitude  of  the  Moon's  Noith  Node,  on  the  first 
of  January  1796,  is  3<S  20°  35',  of  the  South  Node  (it  being  just 
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six  signs  distant)  9S  20°  35'  ;  wherefore  the  Kode-rnonths  are 
January,  July,  and  December  ;  consequently  there  were  three 
Eclipses  in  that  year. 

2.  Required  the  number  of  Eclipses  in  the  year    1800,  and  in 
what  months  they  happened. 

3.  Required  the  number  of  Eclipses  in  the  year  1320,  and  the 
months  in  which  they  happen. 

To  find  on   what   part  of  the  Globe  any  given  Eclipse    of  the 
Sun  or  Moon  is  visible. 
This    is   most  readily  ascertained   by  means  of  an  artificial 
globe  ;  as  follows  : 

The  day  and  hour  being  given  when  a  Solar  Eclifist  will  hap- 
pen, to  find  where  it  will  be  visible. 
Precept.  Find  the  Sun's  declination,  and  elevate  the  polo 
agreeably  to  that  declination  ;  bring  the  place,  at  which  the 
hour  is  given,  to  that  part  of  the  brass  meridian  which  is  num- 
bered from  the  equator  towards  the  poles,  and  set  the  index  of 
the  hour  circle  to  twelve  ;  then  if  the  given  time  be  before 
noon,  turn  the  globe  westward  till  the  index  has  passed  over  as 
many  hours  as  the  given  time  wants  of  noon  ;  if  the  time  be  past 
noon,  turn  the  globe  eastward  as  many  hours  as  it  is  past  noon, 
and  exactly  under  the  degree  of  the  Sun's  declination  on  the 
brass  meridian  you  will  find  the  place  on  the  globe  where  the 
Sun  will  be  vertically  eclipsed  :  at  all  places  within  70  degrees 
of  this  place,  the  eclipse  may*  be  \4sible,  especially  if  it  be  a 
total  eclipse. 

Ex.  On  the  11th  of  February  1304,  at  27  min.  past  10  o'clock 
in  the  morning  at  London,  there  was  an  eclipse  of  the 
sun  ;  where  was  it  visible,  supposing  the  moon's  penumbral 
shadow  to  extend  northward  70  degrees  from  the  place  where 
the  sun  was  vertically  eclipsed  ? 

Ans.  Britain,  Ireland,  France,  Germany,  Sec; 

The  day  and  hour  being  given  when  a  Lunar  Eclipse    will  hap- 

pen  to  fiiid  where  it  will  be  visible. 

Precept.  Find  the  Sun's  declination    for  the  given  day,  and 

note  whether  it  be  north  or  south  ;  if  it  be  north,   elevate  the 

south  pole  so  many  degrees  above  the  horizon  as  are  equal   to 


*Note.  When  the  Moon  is  exactly  in  the  node,  and  when  the 
axis  of  the  Moon's  shadow  and  penumbra  pass  through  the  ccn 
tre  of  the  earth,  the  breadth  of  the  earth's  surface  under  the  pe- 
numbral  shadow  is  70°  20'  ;  but  the  breadth  of  this  shadow  is 
variable  ;  and  if  it  be  not  accurately  determined  by  calculation, 
it  is  impossible  to  tell  by  the  globe  to  what  extent  an  eclipse  f£ 
*he  sun  will  be  visible. 
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*ne  declination  ;  if  it  be  south,  elevate  the  north  pole  in  a  simi- 
lar manner  ;  bring  the  place  at  which  the  hour  is  given  to  that 
part  of  the  brass  meridian  which  is  numbered  from  the  equator 
towards  the  poles,  and  set  the  index  of  the  hour  circle  to 
twelve  ;  then,  if  the  given  time  be  before  noon,  turn  the  globe 
westward  as  many  hours  as  it  wants  of  noon  ;  if  after  noon,  turn, 
the  globe  eastward  as  many  hours  as  it  is  past  noon  ;  the  place 
exactly  under  the  degree  of  the  Sun's  declination  will  be  the 
antipodes  of  the  place  where  the  Moon  is  virtically  eclipsed- 
Set  the  index  of  the  hour  circle  again  to  twelve,  and  turn  the 
globe  on  its  axis  till  the  index  has  passed  over  twelve  hours; 
then  to  all  places  above  the  horizon  the  eclipse  will  be  visible  ; 
to  those  places  along  the  western  edge  of  the  horizon  the  moon 
will  rise  eclipsed  ;  to  those  along  the  eastern  edge  she  will  set 
eclipsed  ;  and  to  that  place  immediately  under  the  Sun's  decli- 
nation the  Moon  will  be  virtically  eclipsed. 

Example.  On  the  26th  of  January  1804,  at  58  min.  past  seven 
in  the  afternoon,  at  London,  there  was  an  eclipse  of  the  Moon  ; 
where  was  it  visible  ? 

Answer.  It  was  visible  to  the  whole  of  Europe,  Africa,  and 
tne  continent  of  Asia< 
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543  2.5552941 

544  2.5565584 
5152.5578191' 
546  2.559U761' 
3472^403295 
548  2.5415792 
349ta.5428254j 
550  2.5440680! 


391  2.5921768 

392  2.5932861' 
3932.5943926 


\94 

195 
39b 
397 
398 
395 
400 


2  5954962 
2.5965971 

2  5976952 
2  5987905 
2  5998831 
2.6009729 
2.6020500. 


436 
457 
458 
459 
440 


441 

442 
445 
444 
445 


2  6394865 
2.5404814 
2.6414741| 
2  6424645 
2.6454527 


486  2.6866563 
4872.6875290 
48812.6884198 
48912.6893089 
4902.6901961 


26444386 
2  6454223 
2.6464037 
2.6:73830 
26485600 

446J2.6495545 
4472.6505075 
4482.6512780 

449  2.6522468;; 

450  2.6552125.' 


491 2  6910815 
4922.6919651 
495  2.6928469 

494  2.(2 

495  26946052 


496  2.b^5-.-8l7 
.    '  .   ''760561 

499  2.698100J 

500'2  69S970d? 


ARITHMETICS 


209 


No. 
501 
502 
503 
504  2 
505j2 
50o  2 
5072 
508  2 
509J2 
|_5102 
j  511J2 
I  512'2 

|  513:2 

'  514J2. 

'  5_15J  : 
51b;2 
5172 
51S:2 
519J2 
9202 
52l'2 
522  2 
523'2 
524  2 

,_525,2. 

*  5262 
5272 
5282 
529  2 
530'2_ 
53 1  £ 
532'2 

5552 

534  2 

S«2 

536  2 

|  5372 

I  533  2 
!  5392 
I  540  2 
[541-2 

j  542  2 

543  2- 

544  2 

545  2. 

{  5lo  2 

547  2. 

i  543  2. 

[  549  2 


Loe:. 


by 985 7? 
700703? 
7015680 
7024505 
7032914 
7011505 
7050080 
7058657 
7067178 
7075702 
7084209 
•7092700 
7101174 
7109631! 
•7118072 
.7126497 
,7134905 
.7143298 
.7151674 
7160053 
71683/? 
7176705 
.7185017 
7193313 
7201593 


.7209857 

.7218106 
7226339 
7234557 
7242759 
7250945 
7259116 
7267272 
.7275413 
7233533! 


No.  Lo^. 
551 2.74115*6 

2.7419391 
2.7427251 
2.7435093 
2.7442930 


552 
553 
554 
555 

'556 
557 
558 
559 
560 
561 


550  2 


7291 04a I 

7299745! 

7307823 

73158>'S! 

7323933' 

.7331973,' 

7339993  i 

7347998 

.7355939  \ 

736.3955; 

7371926; 

.7379873! 

73878061 

7395723 

740562?! 


^.7450748! 

2.7458552' 
2.74663421 
2  7474118 
27481830 
wx  2  74 8962 9! 
562|2.7497363i! 
563'2.7505034! 
564!2.751279l! 
_565|2.7520484: 
566J2  752»lo4 
567  2  7535831; 
56812.7543483 
56912.7551123' 
570127553749 
5712.7566361 
5722.7573969 

573  275315461 

574  2.75891 19 
^575)2.7596673 

5762.7604221 
57712.761 1758! 
573  2.7619278: 
5792.7626786 
580|2.763428G 
TsijTToTTul 
5822.7649230 
5832.7656686 

584  2.7664r\8 
_585  2£6;-H;,g 

585  z.i  o7cT7~u 
587J2  7686381 
5882  7693773 
589  2  7701153 

j£0;2:77©8$20 
J^l2  77l3o/o 
592'2.7723217 
593|2.7730547 
594|2.7737864 
_595ig  7745170 
*SSj2'.>Vo24oj 
5972.7759743 
598  2 7767012 
5^^,2  7774268 
600(2.7781513 


No. 1     Los:»\ 
60112.7?  68745 
6021 2.7795965 

603  2.7803173 

604  2.7810369 
60512.7817554 

606p7824726 
607  2.7831887 
608|2-7839036 

60Q;2  7846173i 
6_10'2.7853298! 
611(2.78^0412 

612  2.7867514  i 

613  2-7874705 

614  2.78816841! 

615  2.788875 1| 
bio!  2  7895807 


No. I   Log.  1 
"651  278135810 


652 
653 
654 
655 


2.8142476 
2.8149152 
2.bi55777 
2.8162413 

657  2.81L5654 

6582.8; 

659,2.8188854 

.         ■■••.u>n43<> 

"Boi 


No.  L 


652 

663 
664 


2.82085S0 
2.8215135 

2.82215;;! 


665  2.8228216 

666  2  b2d4/42 
S241258 

6682.8247765 

!54261 

67 -Q  2.8260748 

o,  i  2-8267225 

672|2  8273695 

7944886!!  6732  8280151 

7951816J!  6742.8286599 

2  7958800'  675  2  8293038 


701  2.8457  ldO 

702  2  8463571 
703 2 8469555 

704  2.8475727 

705  2  81818911 

707J2.8494194 

■ 

11258, 


6l7J2  7902352li 
618:2  7909885;! 
6,19  2,7916906 
620' 2.792591 7'' 
621  z./9o0jl6\ 
2.7937904 


622 

625 

62412.79518461 

625 

626 
627 


2.7965743  I 
2.7972675 
628.2,7979596 
62912.79865061 
630  2.7993406! 


631 

632 
635 
634 
63_5 
'636 
537 
638 
639 
640 


04 1 
642 
643 
644 
645 
646 
64? 
64! 

64: 

656 


2.&O0O2:  -i-. 

2.80071711 

2.80140571 

2.80208951 

280277371 

2  8034571 

2.G041394!! 

2  8048207J 

2  8055003J! 

2._8O5i8O0J: 

2.806875801 

2.S075350] 

2  80821 101 

2.8086359; 

2.8095597 


i  s7l"       7;oJ'3 


u,  6|2.oijyy*o./' 
6772.8505687 
678J2.8312297 
679  2  8318698 
680^8325089 
68lj2.«o3147l 
68228337844 
68312  8544207 
50561 


2.8102325] 

2.3109045: 
3.8115750 

2. 81 22447  j 
2  3129154' 


686J2  8565241 
687)2.8369567 

S8i  - -575384 
68012.8382192 
_69();2-8888491 
1394780 
602j2.S401G51 
6932-8407332 
634|2.8418595 
695J2.8419846 
696  p.84^oU92 
69?  2.8432328 
69828456554 
69*2.8444772 
70012  8450980 


711  ~  Oj.uI;; 

7.12  2  8524806 
713J2.8530895; 
7142.8536982 
7 1. 5 '  2. 8543060 
,  1,. .:  v...  i.  i.->. 
7l7  2355519'J 
7180.8561244 
7l9i2.856728i: 
72(;|2:8573525, 
"721:2.857955; 
7222  358537:; 
72312.859138;' 
72412  8597586 
725J2.8603380 
726|2.o609,3^o 
727  2  8615514 
7282.8621514 
729 2 8627275 
73J2.S655229 
"7  31  ;2. 8659174 
732J2.8645111 
7332.6651040 
656961 
,  ■  '8r5 

73(  ' . ooott778j 
;  ,  ,  .674675 
733  2 8680564 
739!2  8686444 

740  2-86923 15j 

741  2~S698182 
742.2  870403S 
74312.870988? 
"44  2  8715729" 
74512,8721565 
746.2.8727388] 
74712.8743206} 
74812.87390161 
749j2  87448lg 
750|  9  8750613 


[0 


LOGARITHMIC* 


4  6.  . 

2.S? 

■  •    .    ' :  I ,  I  ; 


>JOo2o| 

141744 

803|2.9047151 

805  2  ' 

85,  "2  9058735 
7531,2.87965  \: 
759U.8802I18    8U    2 


852  2.9301596 

.-09490 

8542.9314579 

8552  9319661 


.JNO. 

i  901 
902 


" 


>  LotJ4r 
762  2 

; 

765  2  8835514 


$47954 
I853612- 

159265 

-554907 

870544 

772'2  88.-6173 

773{2  8881795 

87410 

775J2  8895017 


)30209 
812'2.9595560 
813  2.91009054 
81412.9] 

LI  1576; 
81i6;l2.yiib902 
7       122221  I 

8192.9132839.4 

820  2  9UBjJ2| 

82l|2.9143432: 
822:2.9148718 
82o  2.9153998 
824  2  5159272: 
825|2916453o| 


Log. 

2.9547243 
2  9552055 
|  90312.9556878 
9042.9161634 
9052.9566486 

906  2.<  • 

907:2.55-2073 
908  6  9580358 
909i2.9585639 
910j2.9590414 


6jo  29324738 
8.57  3  9329808 
8.>8  2  9554375 ; 
859;2.9339932 
860  2.9344985 

BOi  2.9350032  91l|2.9595184 
155073  912  2.9599948 
865  2.9360108  915  2.9604708 
8542^365137  914 2.9609462 1  964  2.9840770 
865  2.9570161  J^  2  9614211  j  965  2.9845273 


log- 

.'781805 
952'2.9786369 
95329790629 
954  2.9795484 
_5_55  2.9800034 

956  2.9804579 

957  2.9809119 

958  2.9813655 

959  2.9318186 

960  2.9822712 


961  2.9827234 
922  2  9831751 
965  2.9836265 


8652.937ol79j 
-^2.93301911 
-5B2.9835197! 
869  2  9590198 
595193 
8'  i  2.94001821 
^-2.9405165'' 
8'%.941Q142fi 
8^2.9415114 
8  r°  2.9420081 '  i 


916  2  9588955  \  966  2.9849771 

017  2.9623693'  967  2.9854265 

S18I2.9618427  :  968  2.9858754 

919  2.9633155  969  2.9S63238 

920J2  9637878 1  970;2  9857717 

92i|279642596 

923  1954-309 


39861/  ;  8262.916980U  875  2.9425041 


"■   2.8904310')  8272.9175055 

778  2.8909796  •  828  2  9180303 

779k 8915375  !  822  2  9185545 

B920946  830  2.9190781 


87712.9429996 


92: 
923 

925 

92| 

92? 


t  **1  2  8926510  8il  2.9196010 

7S2  2  8932068  ,  832  2.9201255 

783  2  8?3751Si  833  2  9205459! 

[84  2  8543161  I  8342 9211661 ! 

348697   ^2.9216865| 

''85;2~S9J4^j;  88o2lJ22;       I 

859747     857  2.92272551 

'"8  3  2  8955262  i  838  2.923244G1 

89707701  859  2.9237635 

790  2  8976271  !  840  2924  ?79  S 

•     I  -  B9lJlv7o7     8112: 

'  -   .387252  842  2.925512: 


87b2.94  34945  928 
8792.9439889i  929 
880  2.9-1 1 1827  I  930 
88!  2.9489759  i  951 
832  2.9454686 
835  2.9459607 
884  2.9454523 
8° -2  9469483 


932 


2.9672017 
2.9656720 
2.9561417 
2.9666110 
2  9670757 
2.9675480 
29680157 
2.9684829 
2.9689497 
2.9694159 
932  2.9698816 

934  2.9703469 

935  2.9708116 


97]  2  99:2192 
9722.9876663 

973  2  9881123 

974  3.2835590 

975  2:9890046 

976  2.98?4i98 

977  2-9898946 
973  2  9903389 
9792.990782/ 
980  2  9912261 


ytfip.9916690 

982'2.9921115 
983  2 9925535 
9842.9929951 
985'2.9954362 


7Jj  2  5992732 
'^4  2.8393205 
JJ5  2    0035-1 

7*%.900yl31 

.  J14595 
^2.9023029 


843  2925827* 
844J2  9263424 

845,2  9263567 

846,2  9273704 

278334 
848  2  9233955 


boo  2.94/433^1    9362.^/1:^  otf  986)2.9938769 

857  2  94792361  937  2-9717396  987;2  9943172 

883  5.9434130:  938  2.9722028'  988  2.9947569 

889  2  QJ-89018;1  939J2  9725656  989  2.9951963 

S30  2.9493900J  P-;  ,' 3  9751279  990J2.9956352 

8912.9498777     94l|2-9735896  ~991j2.9960737 


832  29503549;: 
855  2  3508515 
854  2.95135" 
895  2.9518230 


9422.9740509 

945  2.9745119 


1  2.9749720 


^2  9025453;  849  2.92S9077 
8OJI79  3 


896  ~.9.~>2ooov 

i  8:72.9527924 

I  898  2  9552763 

3537592 

.    54242i 


945 
946 
947 

945 
04' 


2.9754318 


992  2.9965117 

9932.9963492 

. ,75364 

995  2.9978231 

990,279982593 

-386352 

998  2.999130 

999  2.9995655 


2  9758911 
2  9763500 
29768083 
2.9772662 

I  9777236  1000  3  0000090 


AIUTHMETICK. 


2U 


1006p 

icor|3 

1008|3 
1009  3 

ioiq;3 

1011(3- 

10123 
10133 
10143 
10153, 


No.    Lo£. 


N 


L°R'- 


1002.O 


1001.3.0004341  1051 3.0216027 

H 1052  3.0220157 
|l053  3.0224284 
105413.0228406 

11055:3.0232527 


1Q04P 

10053 


0008577 
0013009 
0017337 
0021661 


.0025980  1056J3 

0030295 J1057 p 
0034605  1058  3 


.0038912 
0043214 


.0047512 
.0051805 
.0056094 
.0060380 
0064660 


1019:3 

1020J3 


.0081742 
.0086002 


1021  p 

10223 
10233 
10243 
1025;3 


0090257 

0094509 
0098756 
0103000 
0107239 


1059.  J 
11060,3 
106X3 
10623 

110533 
J1064.3 

(1065  3 

[1066  3 

1067P 


0236639 
0240750 

0244857 
0248960 
0253059 


0257154 
0261245 
0265333 
0269416 
0273496 


Lor. 


I 


l|No.| 


No. | 

1101 3T04l7873]|115lJ        .    75ljil20ijo.v>7! 

1102i 
11033 
11043 
1105K 


.0421816 
.0425755 
.0429691 

0433623 


1106p 
1107.3 
1108J3 
1109S 

11J0!3 


0437551 
0441476] 
0445398 
0449315!  1159 
045323o  1160 


tl52|3.0614525|  1202|3.O79904i 

|1153l3.061829:',Uy3;r).08! 
1154J3.0622058iil2043.0l 
1115^3.0625820  L2053  0J 

1 


oo  o  06295»  8j  12ut  o.O    I 
3,0633334  1207  3.081/  0,  31 


1157 
1158 


3.0637086 

3J064O834 
30644=586 


1208  3-0820669 
;.0824263 

1210;3  0!  : 


UlJUo  0457141 

11123 
1  "113,3 
11143 
111513 


0461048 
0464952 

0468852 
0472749 


101613.0068937  |1066  3.0277572 

1017  3.0073210  jl067|3-0281644 
10183.0077478  !i06Si3.0285713i 
106^3-0289777 

'    0293838, 


1161[o.U048o22ijl211  .  I 

U62|3.0652€61'il212!3.0835026 
1163  3.06557971  1213*34838608 
116413  0659530!|i2l4|3  0842187 


165 


11070^ 


1071p> 
!1072'3 


4116  3.0476642  1166 
I  111  7|3. 0480532  1167 
11118  3.048441811168 
1119  3.0488301  1169)3.0678145 

1120;3.0492180i  1170|3.06S1S59 


3.0663259;!l235|3  08457C3 
3.0666986'j  1216  b.U8493S6 

3.0670709J|l217j3.08529C(5| 
3.0674428!;  1218  3.08564 


Il07o,- 
11074,3. 
11075:3 


0297895  1112113 
0301948'!ll22!3 


0305997 
0310043 
0314085 


10265 
1027|3 
1028:3 
102913. 
103013, 


0111474  11076  3 
M '107713 


11233 
112413 
1125  3 


.0496056 
,0499929 
.0503798 
.0507663 
0511525 


0115704 
0119931 

0124154 
0128372 


10313 

1032'3 
1033:3 
1034  3 
1055:3 


,0132587 
0136797 
,0141003 
.0145205 
.0149403 


1036  3 

1037  3 

1038  3 

1039  3 

1040  3 


0153598 
0157788 
0161974 
0166155 
0170333l;i090;3 


10788 
1079P 
10803 


0318123  1126]3.05l5384 

0322157!  1127|3.0519239 
0326188  11 2813.0523091 
0330214;  1129)3.0526939 
0334238;  1130  3.0530784 


1081 
1082 
1083 
1084 
1085 


1086 
1087 
1088 


1131 
1132 
1133 
1134 
1135 
3.035829811135 


.0358257 

.0342275 
.0546285 
.0550295 
1.0554297 


1,0534626 

'.0538464 
5.0542299 

5.0546151 


1171 
'1172 
1173 
11174 
1175 


o.Ue855t>9 
5.0689276 
3.0692980 
3.0696681 
3.0700579 


1176p.0704073 

1177  5.0707705 

1178  5.0711455 


1219  8.0860057 

1220  3.0863598 


12215.0367157 
1222  5.0870712 
1225  5.0874265 

1224  5.0877814 

1225  8.0881861 


1226  3.0884905 

1227  3.0888446- 

1228  3.0891984-1 


1179  3  0715138  1229  3.0895519) 
1180(3  0718820  !1230;5_0899051|. 


1181RJ.07 22499 

1182  8.0726175 
118515.0729847 


118415.0755517 
0549959||1185|3.0737184 


1041 
1042r 

10455 
10445 
1045  5 


.1074507  !  10911 


.017867? 
.0182845 
0187005 
0191165 


1046JS 

1047  5 

1048  5 

1049  5 
1050J5 


0195517 
0199467 
0205615 
0207755 
0211S9S 


0562295 
036628$ 
0370279 
0574265 


10928 
1095  5 
10945 
10953 

1096 
1097 
1098 
1099 
1100 


.0578248 
.0582226 
0586202 
0590175 
0594141 


0898106 
0402066 
0406023 
0409977 
0413027 


1137 

1158 
1189 

1140 


).0555785!I1186 
$.0557605  1187 

!.0561423llll88 


.0565257! 
.0569049; 


11413 
11423 
1143  5 
1144 
1145 


,0572856. 
0576661 '' 
0580462| 
.0584260J 
.0588055! 


1189 
1190 


1191 
1192 
1195 
1194 
1195 


114b 
1147 
1148 
1149 
1150 


>.0591846 
5.0595654 
5.0599419 
5.0605200 
5.0606978 


5.0740847 
5.0744507 
5.0748164 
8.075181911259 
5.0755470  !1240 


L231|o  .0902581 

1252:3.09061071 
1*233  3.0909631 
;1234  3.091  S152J 
H235|3.091667Oi 


1256 

125 

1258 


1196 
1197 
1198 

n: 

1200  8  07918121 


1241 
1242 
1245 
1244 
1245 


8.0920185! 
5.0925697* 
5.0927206; 
3.09307131 

5_095421? 

3CJ37718 
5.0941216 
3.0944711 
3.0948208 
3.0951694 


1246  5  0955180 
12473.0958665 
1248|5  0962146 
1249L3.09656: 

1250'8  09691001 


212 


LOGARITHMICK 


No  I 


fl251  3.0972573 
112523.0976043 
S5533.O9795II 
525413.69829751 
12553X) 


1256:3 
112573. 
51258  3. 
h  »59  p 

?i260o. 

b26l|3. 

42<>:5 
Il263'3' 

[1265J3. 

12665. 
1267j3 

1268  3 

1269  3. 

1270'3_ 

pn;3. 

12723. 
1273  3. 
3274  3. 
127513- 

1276  3. 

1277  3. 

1278  3. 

1279  3 

1280  3, 


I 

0993353. 
09968061 

1000257 
1003705 


L30  L  3.1 142773 
1302  5.1146110; 
13033.11  i  444 
13043.1152776 
130531156105 
I8u6  5  I  . 
13073.1162756 
1508  3.1166077: 
13093.1169396 
13105.1172713 


1007151; 

1010594 
1011034 
1017471 
1020905 

1U24J3?! 
1027766 
1031193, 
1034616 
1038037 


10-41455 
1044871 
104S284 
1051694 
1055102 


i05odu7 
1051909 
1055309 
1068705 
1072100 


1281  8 

1282  3 
1283|3 

12843 
1285J3 
1286J3" 

12373 
1238  3 

1289  3 

1290  3 


1075491 
1078380 
10S2267 
1085650 
1089031 


■I  Uk 


Li 


No 


1 3513.1306553 

1352  3.1309769 
13533.1312978 

13543.1316187 
1355  3.1819393 


1311  3  11700271 

1312  3.1179338 
1318  3.1182647 
1314  8.118.5954 
13153.11892581 
1816  3  11^255y 

1317  3.1195S581 

1318  3.1199154 

1319  3.12024481 
1820  8.1205739 


1356  5. 
I 

1 358  3. 
1259  3 
1360  3 

15618" 

1362  3 

1363  3 
13643 
1365  3 


13225971 

1325793 
1323998; 
1332195, 
1335589 
1558181 
1341771: 
1344959 
1348144 
1351327' 


Iob63.1o54507 

13673.1357635 
368  3.1360861 

1369  3.1364034 

1370  3.1367206 


I  iO 


|[No. 

1401 

1402 
1403 
1404 
1405 

1406 
1407 
1408 
1409 
1410 

1411 
1412 
1413 
1414 
1415 
1416 
1417 
1418 
1419 
1420 


3.1479853 
3.1482941 

3.1486027 
8.1489110 
3.1492191 
3  1495270 
3.1498347. 
3 1 501422 ; 
3.1504494' 
3.1507564 
31510683 
31.513699 
3.1516762 
3.1519824 
3.1522881. 


145613 

1457;3 
14583 

1459  3 
1460|3 


1684595 
1657575 
1640553 
16435291 

1646502 
1649474 
1652443 
1655411 
1658376 


1521  31209028 

1322  3.1212315, 

1323  3.1215598; 

1324  3.1218880: 
325  3.1222155' 


1371  5 

1372  3 

1373  3 
1374,3 
1375  3 


1370375  14213, 
1373541:  142213 
1376705;  142313 
1379867ji  1424-13 

1383027;!1225!3 


1326  3.1225439, 
13273.1228709, 
13283.1231981 
1829  3.1235250, 
1330  31238516; 


1576  3 

1377  3 

1378  3 
1879  3 
1380  3 


1386184  1426'S 
1389339  14273. 


1392492 
1395643 
1398791 


13313.12417811 

1332  3.124-5042, 

1333  3.1 24830l| 
133413.1251558 
1  3353  1254813 


18813 

1382  3 

1383  3 

1384  3 
1885  8 


1401937 
1405080 
1408222 
1413612 
1414498 


1995785 
1099159 
1102529 
110589 


12913 

1202  8 
1293  3 

11294  3 
[1295  3 
11296  3" 
Il29r3, 

11295  3 
1299  3 
H300  3 


1109262 

1112625, 
1115985 
1119343 
1122698 

1126050 

1129400 
1132747 
1136092 
1139434 


11336.3.1258065 
1337  31261314] 

!  1338  5.1264561 

133931267806 

7}  134013.1271048 

13~41 3  1274288 

4842!3  1277525 
1343!3. 1230760 
1344'3  1283993 

'1345 3  1237223 
13463-1290451 

jl347  3.1293676| 
1348  31296899 
1349,3.13*3119 
1550  3  13033381 


14283 
1429' 3 
1430;3 

14818 
14323 

1433  3 

1434  3 

1435  3 


1525941 
1528996 
1532049 
1535100 
1538149 
1541195 
1544240, 
1547282: 
1550322, 
1553360 


146113 

14623 
14633 

1464  o 

1465  3 

1466r3.1661340 

1467  3.1664301 

1468  3.1667260 

1469  3.1670218 

1470  3.167317 

1471 
1472 
4473 
1474 


1556596 
1559430 
1562462 
1565492 
1568519 


15bCj  8, 
1387  3, 
13888 
13893 
13903 

18913 

1392  3 

1393  3 
13943 
1395  3 

13963 

1597 
1398 
1399 
1400 


1417632(14363.1571544 

1420/  65  ■  143 7\3  1574568 
1423895  1438  31577589 
1427022  1439  3.1580608 
1430148:1440  3.1583625 


1433271 
1436392 
1439511 

1442628 
1445742 


3.1676127 
3.1679078 
3.1682027 
3.1634975 
147513  1687920 


1476 

1477 
1478 
1479 
1480 
1481 
1482 
1383 
1484 
1485 


8.1690864 
3.1693805 
3.1696744 
3.1699682 
3.170261 


51705551 
5.1708482 
51711412 
51714339 
3.1717265 


1486:3.1720188 

1487  3.1723110 

1488  3.1726029 
1489,3.1728947 
14903.1731363 


1441  3.1586640,  1491J3. 

1442  3.1589653  1492  3 

1443  3.1592663  1493  3 
1444)31595672  1494!3 
,1445  3.1598678  |14953 


1443854  I l4-46i8 
.1451964!  144713 


1455072 
1458177 
1461280 


J.OU1683  11496  o 
1604685)  14973 
1507686 '4498  3 
1449|3.1610684i  1499  3 
14503  1613680'  150013 


1448; 


1734776 

1737685 

174059 

174350 

1746412] 

l?493T6i 

175221* 

175511* 

175801* 

176091. 


ARITHMETICS. 


513 


1507  3. 17S1 133I-15 
15083.17840131  15583, 
1509  S.1786892!  " 
,1510.3.178 
1511J3.179S    .  .   .  ■ 
1512:3.17^5518  1 
1513'3  1798389  1563  3. 


\To.|    Lot--.     llNo.j    L 


-■|«2i. 

1501j3.17b3bUi    1551  3.1906118  1601  3. 

1502(3.1766699 '  L552'3.1908917  16023, 
1911715  \i 
191 451Q  160413. 
1917304  1605'3 


I503  31769590':i553  3- 
1504;3  1772478  1 
1.177.WW  !. 


~U4j915 

2046625 
2049335 

2054750 


ii/.JJVO 
19o4'J:i9 


1514!3.18012 
1515l3.1804126  156 
1516>3. 1806992  lot>6  J 
15171318098561  1567J3 
15183.1812718  ! 
I5l9i3.18l5578  1569J3. 
1520:31818436  1 
IjJi  3 18212^  15/ i  j 
1522!3.1824147  1 
15233.1826999  157:i3. 
1524,' 3. 1829850  157-1-3 
1525^832698  1575J3, 
1526  3.1835545  1576  3. 
1527;3  1838390  1577|3, 
!  >283.1841234|  157S3. 
1529,3.18440751  15793 
1 1846QUrl530  3, 

1531  o.lo^/j.-  1581  3 

1532  318  52538'  1582'3 
it533'3.1855422 11583!3 

3.1858254 'l584'3 
1535-3.1861084  J1585  3 
15363.1863912  1586  3 
15373.1866739)15873, 

1538  J.1869563  15883 

1539  3  1    ,       -     1,589  3 
3.18752071 1590  3 

1541l3.187802ti;:1591'3" 
15423J880844jil5923. 
1543  3.1 883  659jj  1593  3. 
1544'3. 1386473'  1  >5l8. 
1 545;3.188Q235  1595^3 
15463.1892095  1j'.;6  3. 
1547^-1894903(15973. 
1548  3.1897710  15983. 
1549*31900514  ; 
1550  !  190.3  117  16003. 


1936810 

J  945143  1315  3 


ib06;o 
1607p 
1608'3 

l6io:5 
16li|o 

1613  3 
16143 


2050159 


1950690 

1953451 
1956229 
1958907 


1616  3 

I  '      3 

I621J3 

1623  ^ 


.207905^ 
2087100 . 
,2095150 


19ol762 

1951-525 
1957237 

7  |1624 
1972806  |l62^3 

lG20|3 

1627P 

1528  3 
1529 


•209;  830 
.2100508 
.2103185 
.2105860 
2108534 


1975oo2 

19/8317 

1981070 

1983821  ,_. 

1986571  Il630 

19893-19Ji631 

1992065;  1632 

1994809;]  1633 

199755211634 

2000293.1635 

2003052  lifrjffc 

2005769 | 1637 

200850511638 

2011239,1639 

2013971|1640 

2016702:1641 

2019431:1649 

2022158J1643 

2024883 ':  164-1 

202760711645 


2030329i  lo-.o 
2933049  1647 
2035768iil648 


^lb*2b8 
21669^6 
216 

20384851' 1649  3.217 
2041200  165013  2174839! 


2113876 
2115544 
2119211, 

1.2127202 
1.2129862 
S.2132521 

'2135178 
i-2 137835 

:.2052044 

1.2065560 


No._ 

155o|3 
1654  3 

165QU 

- 

160515 
J6673 

lc68'3 

1670 
lOi  llj 

167oJ3 

1675  3 


|    Lo; 


Ni 


Lo; 


21774;  l   170]  3. 
,2180100  ;17C2  3 
1703jo 
2185355  i. 


95 14146 
2514696 


<Jl906u5   «■■        ' 
.  \ 

5J17083 
317093 
.  [17103 
517113, 
)  17.123, 

2208922  1713  3, 
5  1714'  J. 

l"716o, 
2219556  1717|3. 

2224565  *7i9V» 
i  L72li  3 
2229764  1/21J57 
2239563!  1722  3 
2234959;  l7Lo'5 
223755" 
2240148  '1725  3 


-         x  .    .    .    " 

2322335 
>3 

2332500 

2595058 

2337574 

2540108 

2342641,! 

2345173 

234770.- 

2550282 

2555759 

2355284 


l» 


2245331 

2247920 
2250507 


1677I3 
16783 
167913 
16803 

16823 

J.693i3 
16843 
1685  3 

1683!3 
16893, 
1690  3 


17293 
2253093H730.3 


1726 
1727 
1728 


2o57bO*) 

236033 
2362853 
2565575 
2866891 
So?  0406' 
2372923  1 
2375437 ! 
2377950 
2380451 


22556]  7  17    , 

■  :  ■'■   1732 
5260341;  1785 


2265991 


2268576  -.  3c 
2271151  1737 
2273724  1738 

5576295!  1759 
227S867J1740 


2382971 

2383547 
2387986 
,5590491 
2392995 


.  ..  ' 
2597998 
.2400498 
.2402996 
.2405495 


ii.2lolu8b  Aoyiy 
3.2153732||16923 

16955 
16943 


•2.56376J1 
.2159018'! 
.2161659!! 


2281436  a;  -ilp 
2284004' 1."  49 

9286570  !1743 
2289134  1744 
29916°~  3  75  j3 

Z2tf4«a8jil74Cp 
2296.818  174713 
2299377  174* 

59019.;:  :  -; 


love;,) 
16973 
16983 
16993, 
17O0I3.23O4489K175G 


^u/988 

2410481; 
2412974 
,2415465 
2417954 
24204*2 
242292^; 
2425414 

243098, 


2!4 


LOGARITHMICK 


No., 

17513 
17523. 

1753  2 

1754  3. 

1755  ;. 

I     " 

1758  3 

1759-3 

1760  3 

17613' 

17(53  3 

1763  3 

1764!3 

176^3 

i/66.3 

1767  3 

17683 

1769|3, 

17703 

imp 

177:  J 

1773  3 
17743 

1775J3 
17763 

1777)3 
1778:3 

177913 

178113 
178213 
17S3'3 
1784;3 
1785,3 
117863 
17873 
1788  3 


Log.     ft 
2432801) 

2435341! 

2437819 

2442771 

24452-iJ 

24477161 

2450189! 

2453658! 

2455127, 

2457594! 

246005PJ, 

2462523 

246498fl| 

2467447 

2159907 

2472365:' 

2474823^ 

2477278' 

247973  3  j. 

2482x36,'! 

2484637 j 

2487037:; 

2489536' 

2491984-1  '■ 

249443d 

2496874!' 

2499318); 

2501759J 

2504 2od; 

2506829! 

2509077 

.251151- 1. 

25139491; 

,25_16£82|i 

2518815H 

,2521246) 

2^23575i| 

3526103;| 


No 

802  3 

803  3 
801  3 
805  ; 

8073 
808  3 

8093 
810  3 

' 

813  3 

814  3 
8153 
816:3 
B17  ; 
818J3 
819(3 
820  3 
821|3 

8283 
824J3 
8853 
826!3 
827(3 
8  3  8  3 

8803 


1790|3.2528530jj 
lmi3 

|i-92!8 

[  17923, 

794J3 


2530956'' 
2533380  I 

853  5808' 


: 


: 
2  >5  5312 


•25o5187 
2557548J 
2559957 
2562S& 
2564772 
177 
2569582 
2571984 
2574886 
257678C 
25'/9l85 
.2581582 
258397* 
.2586173 
.2588766 
.2591158 
.2S93549 
25959398 
2598327; 
.2800714!, 


2603099 

26054841 
2607S67J 
2610248 
2612629 


.2615U08n 

,2517385; 
.2619762|i 
.26221371 

2624511': 


832  3 

833  3 

834  3 
885  2 


26268831] 
.26292551 
.2631625.' 

.2533998; 
26363GI 


aoo  j 

837  3 
838;3 

1  ;9;3 

348  8 


844  p 

- 


d4flo 
8493 


2638727-! 
2641 092^ 
26'  "3*i-5-->| 
2645817A 

26481  rs:j 

2650  5331} 
2652826 : 
2o5o2o3 j 

365^)86.  j 
26623l7y 
2664699D 

1 


■   3-78838 

.    80673 

898'"  27  :  8 

27  5250 

7875S6 


\o.  1  Log. 

851 3.2674064 
»76410 
178754] 

854 3 26o 1097; 

855  3  261 

850  3.2685780] 

3573.2' 

853  3.3 

859  3  2'-  i 

860  3  2 

862:3  2699797 
863  3.270212911 
8  54  3.2704459  ' 

865,3  37067881 
^66  3  2769116J 

867  8.27114431 

868  3  27137691 
869:32716093! 
8703.27I8416J 


871  p*272V/o&t 

872 '3.2723058/ 

873  3.2725273': 

874  3.2727695, 

875  3.2730013  • 
5763.2732328 

877  3-2734643  j 

878  3.2726355  > 

879  3.2739268! 
380  3.2741 578  j 
881 3.2743888  j 

882  3.2746126  1 

883  3.2745809,' 
SS4  3.2750809  I 
885  3.2758114! 
6»6  3.2755417  ' 
887  3.2757719; 
'633  3.2760020 
889;3.2762320: 
890  32764618 
391 3.2766915  ! 
8923,2769211! 

71506.! 
1  .772800 
776092 


>  (i. 
901(3 

9088 
907)3 

908^ 
909  3 

I  I 

912 

914*3 

9138 
9163 
917:3 

918  3 

919  3 
9203 
9213 

92> 
9233 

9243 

925° 

926 
927 
928 
929! 
930 


Log. 

2789831 
2792105 
>7 

2796669 
2798950 
2801229 
2803507 
2805784 

2  8 1088-1 


N     • 
19513 

1952  3 

1957J3 


Lo« 


.2814879,19623 
.2817150  19633 
,2819419  196443 

2821688  1965J3 


290  '5:  -' 

2911468 

2913689 
2915908 
2918127 

2920244 

..■2-i7Yt\ 
2916990 
2929205 
2931415 
2933626 


.:: 823955  j  1966)3 
.2826221  !l967J3 
.2828486  19633 
.2830750  j  19693 
.2833012;  1970,8 
2835274  19713 
.2837534  -972  8 
2339793 
2842051 
2841307 


J.2846563 

52848817 
5.2851070 

>  2855573 


1973  8 

1974  8 

1975  3 

1976  3 
19775 
19788 

1979  3 

1980  3 
lvelS 
1982  3 
1933  3 
19843 
I  85J3 


.2938044 
.2940251 
.2942457] 
2944663. 
.2946866 
2949069! 
-2951271 
2953471 
2955671 


9318 
9323 
9333 

9343 
935J3 

9353 
937\o 
9383 

939i3, 
940'3.2878017;  1280.3 
94 1' 3 
9423 
943  3 

3153 

347  8 

949*3 


-295786,1 
21760067 
2962262 
2964458 
2966652 
2968845 
297103? 
2973227 
2975417 
297760$ 


2V79792 
.2981979 

2984164 
2986348 
2988581 


2857823 

.2860071 
2862319 
.2864565 
2866810 

2871296  19873 
.2873538  J 1988  3 

.2375773 '1989  3 


2880255  1991  3 

288472!:  1993  8 

2886563  !1994'3.2997252 

■99429 

oOOl605 

3V05955 
80081 2* 


2y9o/13| 
2992893 

2995072 


389 142.. 

■ 
.2898118 

.2300246:20063 


ARITHMETIC!; 


215 


Los 


2001  3.30124/  1 

20023.3014641 
2003  3.3016809 
200433018977 
20053.3021144 


20063.3028309 
20073.3025474 
20083.3027637 

2009  3.3029799 

2010  3  3031961 


No. |    Log 


2051I&2902573 
2052  3 2904798 
2053!3  2907022 
205413.2909240 
2055J2.2911468 


No.  |    Loir. 


210113.3224261 
2102  3-3226327 

2104J3.3230457 
21053  3232521 


2J56 

2057 
2058 
2059 


32913689  2106 3.3234584 
8.2915908  210/ 
3.2918127^108 
3.292034452109 


20603.2922561  3110 


3  3236645 
3.3238706 


u|     1-OK. 


}151  3.332t>404 

!  12      -328423 

2153  3.3330440 

2154  3.3332457 
21553.3334473 


|  No. |     Lop. 


3426200 

220.3  3428173 
22033.3430145! 

2204  3  3432116 

2205  3  3434086 
6655 


!20G  o.34 

!20<  3.3438023 


201 1  3.3034121  '206113.2924776  2111 

2012  3  3936280  20623.2926990  :21!2 
2063  3.292920312113 


3038438 
|2014  3.3040595 

2015  3  3042751 


20163.3044905  2066  3.2935838.  J2116 3.32 

2017  3.3047059|  205/3.2938044  31  17  3.32 

2018  3.3049212!  20683.2940251  2118 


|2064!3.2931415 12114 

2065 


21563  3336484 

2157:3  53385!;1 

21583  3340514  2208  3.3439991 
5.3240766'  2152  3.3842526!  2209,3  8441957 
3  3  242825'|i216g  5  3344538 f  2210  3.3443923 
3.3244882J2161  3*3346548 1 221 1  3.o44588J? 
3  3246939  2162  3  3348557  ;2212  8.5447851 
3  3248995  246313.3350565  2213  3.3.449814 
3  3251050|'2164!3.3353578i  22143.3451776 
3  3-153737 


3  2Q33623  [2115  3.3253104|2165J3.3354579 


2020  3.3053514J  2070;3  2944662  [2120 
;207l|3.2946866  ~~ 
|2072k2949G69 
0733.2951271 


25 j 157 
257269 
3.3259260 
3.3261310 
3.3263359 


2021  3.3055663 

2022  3.3057812 

2023  5.3059959 
20243.3062105  20743.2953471 

2025  3  8064250  1207513.2955671 


2ujo  3  3066894 
2027 3 5068  37 
2028  3.3070680 


2976  3.2957869 
\2077\3. 2960067 
2078  3.2962263 


2170' 3  3364597 
2121  5  526540?  2171:8.8366598 
2122 3 5267454 (2172  5  3368598 


21663.3356585  2216  5  .j4j5698 

'2167  533585891  2217  3  345765J? 

2168  3  3560593)  2218  3.3459615 

|2169j 3.5362596]  2219  3.546157 

2220'S  3463530 


2221  3.3465486 

2222  3.3467441 


21253J.5269500  I2178,3.5570597  2223  3.5469395 


21243.3271545Jj2174!3.3372595 

2125l5.3275589!'2175  5  3574595 


2126  5  3275633  [2176J3 So?  6589 

2127|3.3277675  2177  8.887  5584 


2224  8.3471348 
222533473300 


^26  3.3475252 

2227  3 3477202 


212SI3.5279716I'2178  5.35805791  2228  5  3479152 
212913  3281757  2173)3  33825721 2229  3.348119} 


2029  3,5072820  2079  5.2964453  ,. 

2050  33074960  '2080  3.2966652  2130|3  S283796;!2180'3.3384565|  2230  8  8- 

2081(3.3182721  2131J3  3285834  2181 3  33^6557 
2082i3.3184807  ]2182;3  3287872  21821 3  3383547 


2031  3.3077099 
2052  5.3079257 
2033  3.5081374  i 2083 [3.3186893  2133:3  3289909'  2183  3.5390537 


2034  350S3509  l2084i3.3188977  21343  3291944 

2035  3.5085644':20853.3191061  21353  3293979j 


2231 13  34849*  ($ 
2282,5  3466942 
2233.3  3488867 
22343.3490832 


2134  3.8392526 
21853.3394514]  22853 349277 


2036  3.5037778  2U86:8  8198148  2136  5.5296012!!2186  5.5596502  225c|0  5494718 

2037  S  3089910  !2087  3.3195224  21373.3298045  2187J3  3398488!  2237,3  8496660 
2038!3  5092042; i208S!8.3197305  2158  5  5500077J  2188  5.3400478!  2238J3  3498603 
20393.3094172  2089  3.3199384  2139J5  3302108  2189  3.3402458;  2259;3.3o 0  I '  1 
2040'3.5096502ij2090!3  8201463  2340  3  3304138  2190  8.3404441 j  2240  3.3502430 
2041j3.2880255l'209l!3.3203540  iiiUl  373306167112191,3.3406424  2241:3.35044 19 
20423 

2043|3.2884728|  2093  3.5207692 
2044i3.2886963i2094'3.3 '09767 
2045  3.2889196!  20  ;5i3. 321 1840 


322880255|!209l|3.3203540  J2141  3.3306167  21915  54U6424  224l,3.j504411 
3  2882492!  2092J3.3205617  3142  3  3808195  2192  38408405  2242  3.350635* 


2143'&3310222  2193  3  3 
21443.3312248  2I94!3.341236S 

2145  3  5514273i{2195 3^41484 5 

2Q46j3.2891429|j2096f3.3213913  2146  7.3316297  2196:3.3416323 
204713.289366012097  53215984  214733318320  2iQ7|334185Ql 
2048J3  28955'/ .;  >098J3  3218055  2148'33320343  3195,3.3420277 
20493  2898118 12099  3.3220124  2149.8  3322364  p993  3422252 
:205D!3  2900346!2I0o'5.8222l98'  U5G  3  3124385JI2200 3 3424227 


2215  8  5305293 
2244  3.351022S 

22458  8512163 


224-6  8  3514098 
22473^516081 
:       3517963 

.519595 
22:;035:    I 


l< 


LOGARITHMIC* 


I  wo.|     Log     IjNo.       i  - 

L>i;i  J  3ol9io6j  23al 

>j3  S6210  l  I   , 

J  3527612)23033  L6219 


\o.|  Log* 


s<  .1 


.o 


7> 


3  ?s: 

3   3531465  23053  3626709 


I 


,  .  ■  ■  ,  .  :  i  ,  ,  ,,  , 


3893433 

;  3895205 

:  3  3898746| 
i  J  39005151 


2404  3 


36542  '.•■.. 


24563  390 
!4573  3904 


226  J 
262 


)'3  3636120  2330|3_3. 
jjc    231 J 


55430U     -  ■•  •  •  36113  o/5't.  I  I  I  391111G 

.       241213  38237731  '2462  3  391288$ 
1637|  24133  3325573:24633  39l4644| 


►46         .    ;     - 


2264*3  354876  S6436& 


\/8 


r.ir  x 


>;|2414  1  3  .  •-/-      :  i43  3916407 
3829171124653  3918169 


22563  35525V5  2316:3  3647386  J2366J3  5/40l47f  2*163  3830969  [2^663  3919931 

2267J3  3554515:  25175  364 :2C0  '2567|3  3741983  12417  3  3832766  2467'S  3921691 

??68'5  3556  )  3651134  2368|3  3743817- 241 8'3  3334563,2468  3  8923452 

819  3  3e5:'J'j?  '2362  3  8745051 -2419  8  8836359  2469  3  5925211 

■  3747483l[2420i3  .,.-.33154  24708  3926970 


35621/  i 

^272'3  3 
22~8  3  : 

22753  3569314 
2276.3  357172 
2277;3  3573630 
22783  35y5537 
2279  2  3 
2280'3  35793-1 


I 

>58315: 
1283  3  3585059 
>2J  !  1  2536861 
2285:3  352386^ 


22863  «>590762 

2227  3  3592652 
2:83*3  339456,J( 
2289  3  3596458 


2821  3  JOjo,  ^1  23/  i  8  3  49316  2421  3  3831    I  ■  24;  1  8  8^2t;727: 
2222  8  365862  „  J  3751147124223  3841741  2472  3  393 

2222 '3  3660492^33733  37529771 2423;3  8843584  2473  3  8982211! 


2324  3  3662361(2374,3  3751807 

2325  3  S664230;!2375!3  3756656 


2828  8  3666097|i2376'3  3758464 

2327  3  3357964: ^377.3  2760292 
3  3669830H23783  8762118 
2329  3  3671695-23793  3763844 
2330;3  3673559  .23203  S765770: 
26313  3t>75423!72.n:i:3  8767594 
3  3 


2424  3  3345826  2474  3  2255997 
24253  8847117;  2475  3  8935752' 

2426l3  3848908  2476,3  393750a 
2427:3  3850698J  2477J3  82.-.  . 
2 123,;3  8852487:  2478.3  3941013' 
3 '29  8  3351275 '2479  3  3242765' 
2430'5  24803  39^. 


243T3  3857850  2481'3  ... 
677285)12382)3  3769413  248? 3  38^-  3  8248018 

233313  36791  3  3771240^2433  5  8861421:  2483!3  8949767 

2334  3  36810081)238413  3773062ji2434'3  386;  H3  3951516! 

.   24333  3864990J'2485J3  395 


233C   >  3684728*  28    .   i  3/76704  24363  3866773  - 

233/3.36865S7\:2387:5  2778524;|2437:3  286S555:  124873  3 


9550111 

39567 58 

2313  3  3688445|i2388|3  S780343 1124383  38703371 1 2488)3  3958504 

2-,3j3  3872118  2489)3  2: 
440  3  3873898:24903  3961993 


2339  3  36  3  2783161 

22903  3598355)  2340:3  3  8783979 

41 8  3694014 


-J-.91  3  3 

2892  3  S602146 

2223  3  2 


8844  3  3699576  2294 
3y,3  37014281(2395 


>iq; 


_ 

: 

I 


2312  3  3  »95l  I 
■ 


2346  3  37C3  \\t 

7  I  il  ill  23!  : 

1708830  2399 


■     >8  851182781 


3  8787612 

8  3721241 
3  3798955 


24413  38756? 8112491 13  3963737 

2442  3  3877457 '12492  3  3965480 


•  3493 
444  3  38^ 
1-453  8883789  2485 


i 3  3864565 


8800302 


2447  3  5886840 
2443  3  8  8  IU 

2448  8  3889888 


3802112 J2450  3  2881661 


3  3967223 
3  3968964 
3  5970705 

3  8974185 


2497 

■ 
2499)3  2977653 
2500*3  2 


ARITI-IMETICK. 


2501 
2502 

2503 
2504 
2505 


2506 


Lo*. 


N« 


3 3981137  2)5 l 

3.8932873  2552 
3 3984604 j 2553 
3.8986343  ;2554 
3.3988077  ;2555 


33991543 


W3237 
25093  3995007 
251013.3996737 


2550 
055/ 
255S 
2559 


Lo, 


Mo. 


Log:. 


I  ■  >  601  4151404 
3.4068807;  2602  3.41 53073 
3.4070508' 2603  3.4154742 
3.4072209!  2604J3.41 56410 
3.4073909  |2605[3.4158077 


No.|    Loo-.    |fNo.|    Lo*r. 

2651  3.4234uy/  I27U1  3.4315246 
'2652  3  4235735  2702 3 4316853 
|2653  3.4237372  2703J3.431846G 
26543.4239009J  2704  3.4320067J 

'2655  3 4210645  2705  3  4321673 


3.4075608  i26U6,3  4159744  |2656  3  4242281  2,  Do  ji.432327 c 

,324883 
4245550,i     08  5432648; 
.4247183  |2709  3.43 
424881  k329693 


U077307J  2607  3.4161410 
>5j2608|3  4163076 
L4G807C  *   - 


2658 


2560  ?.4082400i 
2561 13.4084096 


2511:3.3998467 

2512.8.4000190  2562|3.408579] 
25133.4001960]  2563  3.4087486: 

2514  3.4003652  2564 3 4089180 

2515  3  400.5380  25353.4090874 


260913.4164741  12659 


261013  4166405  ;2660 


26113.416800 
26123.4169732 


2613  3.4171394 

2614  3.4173056  j2664<3 
2615^.4174717  26653 


'2661  3.4  2  iQ4  i    '   .  j  1  3.43ol295 
2662  3.4252081|  271  ^3.4332897 
i2683  3.425371 1  2713  3.4334498 
4255342  2714!3.4S3i  &8 


25163.4007106  25663  4092567 
25l7;3-4008832!2567  3  4094259)12617 
1251834010557 '2568 34095950:  2618 
!  . 012282  2569  3409764l|  2619 
'  520  3.4014005  2570[3409933li(2620 
2121-3  40 15728' J2571 
2522  3.4017451!  2572 


2523  3.4019173  ^2573 

2524  3  402081 
25253.4022614!  J2575 

-•  26  3.4024333J  12576 

!527;3.4026052j|2577 

25283.4027771  2578 

1029488:2579 

.4031205  I25S0 


2616  3,4176377]  2666  3 
3.4178037 126673 
34179696  26683 
3.4181355  2669'3 

[2620  3  4183013p2670;3 


.425697. 

4254601 

.4261858 


7698 


2715 

777u 

2717;5.. 
2718,3.'4342495 
2719:3.4344092 
'.:  h. 4345689 
0;2671 3.4f  i 

2672  3.4268365  !:: ;  22j3.4348881 
267SJ3.4269990;  2723  3.4350476 
26743427  1614|2724!3  4352071 
2675,34273238;  2725J3.4  I 


34102710: 
3.4104393' 
3-4106085: 
34107772 


4109459 

.4111144 
3.4112829 

3.4114513 

14116197 


211:258115.4117  360, 
!532  3  4034637  2582  34119562; 


031  3.4201208 

6823.4202859 

6333.4204509 

>  •26343.4206158 


2622L3.4 186327 
2628  3.4187983 
262  4  8.4189638 
2625;3.4191293 
2026  3.4192947 
2627,3.4194601 
2628'3.4196254 
2629.3  41979C6 
2630  3.4199557 


2533  3  4036352 1258313.4121244 
25343.4038066  J2584  3.4122925 

2535  3.403978?l!258:j8  4124605  j2635|3.4207806 

2536  3.404 H-921  25863.4126285  J2636  3  4209454 

2537  3  4043205  25873  4127964  J2637I3  4211101 

2538  3.4044916  252S!8  4123648  :2G38  3  4212748 


2589  3.40466: 
2540  3  40483 


2547:3.406021 
254834061 994j  2598 
2540;3  4063698;!  2599 


12550  8  4065412  2600  3.4149733 


2589)3.4131320  2639  3  42:4394 
2390i8.4182998  .2640,8.4216069 

2641  3.4217684 

2642  3  4219328 
26438.4220972 
264434222614 
2645:3.4224257 
^64o:5.422ob98 
264713  4227539 
>648|  3.4229 180 

.220320 
265013.4232459 


254H3  4050047  25ylj3  4134674 
25 12  3  4951755  2592  34136S5G 
25433  40531  i:3S025 

2544134055171 :2594'3  4139700* 
2545|3.4056878j  25?5|8  414137- ■ 
254613  4058584ji2596  3  4143047 
-  3 4144719 


3.4140891 
3.4148065 


2676'3 

2577  3 
26783 
26793. 
26806. 
2681  3 
26323, 

2683  3 

2684  3. 

2685  3. 
2686 .). 
|2687|3. 
:  2680 8 
2689'3. 
2690'3 
26918 

2692  3 

2693  3. 
26943 
2695  3 


4274861;  27263.4355259 

42764 c^'i2727;3  4356851 
4278106<2728!3.4358444 
4279727;  2729  3:4 

4231848::  272034361626 


269-6  0 
1269713 

126288 
12699  3 
<2700'0 


.4282968  273lj8.43t>3217 
4284588.2732:3.43648071 
4286207  ;2733!34366396 

4287825j,27::4:8  4367985J 
4299443;  2705  3.4369573 

.  u  1161 
172748 

•  74334' 
2739; 
4297523;  j  2740l3.4377506j 
4299 137| :  27  4)  io  4  3  / '.  090 ! 
!80674i 
430286/  .  ,  !  J43S2258J 
4203970'  2744J3.4383841J 
4305583;!  2745J3  4S85423J 
480719b'';  2746b.4o tfru65J 
4808009!  274? !3  4888287' 
4310419ji274^3;4S90167 
.4312029  2?4©te.439I747 
4313538112750134393327' 


218 


LOGAIilTIIMIC'K 


fco.i    L>4-.    1IN0.1    Lot*. 

57oT  3.43949^0  2801  3.  \ 

2752  3.  I 

2753  3. 1398062!  3803J3.4  17623  1 1 23  J3 
27543.4    - 

2755  3.4401  216  2305!3  4  1-79329!  285.) 


Lo£.  |No.|  Lor.  i  No  '  Lo^. 

3.4549972  :29j1  3-4525477  2951  3.4699692 
5.4  55 1495  2902  3.4626974?  2952  3.4701164 
3.4553018  2903  3.4628470'  2453  3.4702634 
1.45545  tO  '2904  34629966  2954  3.4704105 
3.455606 1  (2905  3  4  55  3.4705575 

4707044 


28U6  285613  4557532 '2906  3.4632956   i 

368|!2807  3.4  IS  242 1  285713.4559102  '2907  3.46344501  2957  3.4708513 
(83.4483971 


2/v>Oo  44J2/i^ 

27573.4404 

127583  4405943128083.4483971        •       1550622 '2903  3.4635344  2958  3.4709982 
\275\)2.  U37517'  2809,3.4485517  28593.4  '  >9  3.4637437  29593.4711450 

2760  3  44090911  2810  3  4437063  28  160  2910  3  4638930.  !2960  3  4712917 

V6006  2861J3  4565*179  2911  3i4640422;!  2961  '3.47 14384 


|27oi  3.44luoo*|  281  i 


3812  3.4490153  285213  4566696  2912  3.4641914  2962 '3  4715851 
2813  3.4491697  2363J5.4568213  :2913  3.4683405  2953  3.4717317 
2311-  3.4493241 ;  28643.4569730  :2914  34644S951  2964  3.4718782 
2315  3  4494784  286.5I54571246  -2915  3.4646386  2965  3.4720247 


27623.44122^ 

12763  3  4413309 

276434415380 

[276534416  i  il 

""2966  3  4721711 

2767 ,3.4460092||2817|3.4497868i2867|3.4574277.:]2917l3.4649364' 12967  3.4723175 
276S  3  4421661  |2818l3.4499410  2868J3.4575791  '2918  3.4650853  12968  3.472-1639 
:76D  3.4423  230  2819  3.450 ,;951  2869:3  4577305  12919 '3.45523411, 2969,3.4726102, 
2770;3.4424798,j2820  3.4502491  28703-4578819  !2920  3.4653829J  2970  3  4727564; 
2771|3.44265oa{l2tf2li3.4504O31  j2671  3.4580332  2921  3.4655316!  12971  [3.4729027 
2772J3.4427932 12822  3A505570  [28723.8581844  :2922  3.4656802  I2972-3.4730488 
2773  3.4429  199  ,'2323  3. 1507103  '287313.4583356  2923  3.4653283' '2973  3.4751949 
27743.4431065  2824  3.4508647  287443.4584868  2924  ,3,4659774s  2974-'3  4753410 
3775 '3.4^52 530!l2825 34510185  i2875|3.4586378  2925  3.4661259"2975;3.4734870 
2776j3.44341i>of  2826J3.4511722  J2876  3  4587889  2926;3.4662743jj2976j3.473S329 
2777(3.4435759l|2827  3  3415258  12877  3.4589399  2927  3.4664227 12977  3.4737788 
27-8  3  4437322  2828  3  4514794'i2878!.3  4590908  2928  3.4665711 12978  3.4739247 


2779:3.4438885;|2829  3,1516329 

2780  3.4440448  2830  34517864 

278113.4442010  28313.4519399 


2879  3.4592417  2929  3.4667194  2979  3.4740705 
2880!  5.4593925: 2930  5.4668676-23803.4742163 


2831 


2782  3.4443571  2332  3  4520932  288 

2783  3.4-U5132  2833  3  45229  . 
27.84J3 4446692  2834-3  4-523998  2884 
2785J3.4448253  2835:3.452553 1|2885 
2786J3.4449821  28~56'3.452/0oJ  288(- 

.'451570  2857J5  45285[>3  .2887 
27883.4452928!  2838!3  453012 1  '2888 
2739,3.4454485'  2839  3.453 1654J  2889 
2790 3  4456042  28403  455 3 1 8 
2791  5741575^8  2841|3.45347l2i  2891 
27^2  3.4459154  284213.4536241  2892 
2793  3.4460709  12843  3A537769  2 393 
i 2794 3.4462264  234454559296: : J89 


12795  3.4463818  2b45  3.4540823  J2895 


|2796  3A4oo3U  ,28 1-6  5  4542549 

2797  5.4466925  12847  5  4543875 

2798  3.  S468477  2848  3.4545400 

2799  3.4470929  J2849  3  4546924 

2800  3.447 1 580  :2350  34548449* 


5.4595483i  2951  5.4670158;  2981  3.4743620 
3  4596940  2932  5.4671640'  2982  3.4745076 
3.4598446  2935  3-4675121  :;29855.4746533 
3.4 599953!  2954  3.467460li'2984  3.4747988 
34601458;  2935  3.4676081 1 2985  5  4749445 


3.4602963  2936  3.4677561  J.2966  3.4750898 
3.460446a  2937  5.4679059^2987  5.4752552 
3.46059721  2958  5.4680518  29883.4753806 
3.4607475  2939  3.46S1996'!2989  3  475525[) 
3  4608978!  2940  5.4685475  2990  5  47567121 


i.4610481  2941:3.4684950'  2991  5.4758164' 
5.4611985  2942:3.4686427  2392  3  4759610; 
2943'3.4687905' 2995  5.4761067 
2944i3.4689378:  2994  3.476251ft 
29453.4690353  2935  3.4763908 
2946!3  4692327  299613.47654 1 8 


o.4615484 

3.461498 

5.4616486 


8896J3.4617980 

2897J3.4619485 
2898'3. 4620384 
2899J3.4622482 

2900'  5. 4  625980 


29473.4693801  |299f 

2948  3.4695275h2998 

2949  3  4696748if2999 
29505  46982  20  i:5000j 


3.47668671 
3  47685 161 
34769765] 
3  4771213J 


arithmetic!:. 
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\(> 


001 
.3002 
3003 
3004 
300. 


006 
3007 

008 
3009 

3010 


Lo 


3  4772200 
3.4774107 
3.4775553 
1-4776999 

3  4778445 


3.4779890 

5.4781334! 
3.47827  78 
784222 
3  4785665 


30113  4787108 
5012  3  4788550 
3.4789991 
34791432 
.3^4792873 
3  4794313 
3A795753 
3.4797192 


501: 
!014 
1015 


3016 
3017 
3018 
5019 
10  !0 


3021 

3022 
3023 
3024 
302.- 


3026 
3027 
3028 
3029 
3030 

3031 

3032 
3033 
3034 
3035 


Lo^, 


30511S.4844422 

30523.4845845 
30533.4847268 
3054'8  4848690; 
305513.4850112 


056  3.4851533 
3057'3.4853954 
30583.4854375 
30593.4855795 
30603.4857214*13110  8.4927604 


i\o. 


Lo 


31013.4915018  31513.4984484 

3102  3.49  i  641 8  3 1 52  8.4985862 

3103  8  491781 8  3153J3.498724G 
04  3.4919217  3154  3.4988617 

105  3  4920616  [3155)3  4989994 
3156' 3  4991370 
31578.4992746 


31063.4922015 

31073.4923413 
31083.4924810 13158' 3.4994121 

3109  3  4926207  3159,3.4995496 


306113.4858638  311 1  o,^j29000 


8062|8. 4860052 
30633.4861470 
30643.4862888 

3965|3  4864305 


8060 
8067 
3068 
3  4798631 1 18069 
3.4800069.|  3070 
3071 


34801507 

3.4802945 

3.4804381 

4805818 

3.4807254 


3072 
3073.3.4875626 

3074  3.4877089 
3075J3.4S73451 


5.4808689 
3.4810124 
3.4811559 
3.4812998 
3.4814426; 
14815859' 
3.4817292 
3  4818724 


3.4865722 
3.4867138 

3.4868554 

3.4869969 
8.4871384 


3.4872798 

(3.4874  212 


8076  3.4879863 
3077-13.4881275 
80781:3.4882686 
3479  3.4884097 
30803.4885507 


3160  8.499687  I 


31618.499824.; 
3162  3.4999696 
316335000992 


No      I 


-< .  Ul  a  ouo2b5/ 
3202,'3.5054fil3 
3203  8.5055569 
5056925 
8205  35058280 
3206  3.5052080 
3207 3  506099d 
3208 3 50623441 
3209!  3,50636^] 
3210  8  506505*  r 


3211  3.juon-iU| 
321 2;  3  50677551 
3213:3.5069107  [ 


3164  3.5002865  32148.5070459! 

3 1 65  3  5093737  j  i  12 1 5J8.507181C 


8112  8.4920896 

3113  3.4931791 

3114  3.493318.6 
3115,3.4934581; 

3116!3.4985974'j51oo8.50W5109!  3216J3.5073160 
3117  3  4937368  3167  3  500,6481  8217! 3.9074511 
31183.493876ll|3168  3.5007852;  3218  3,5075860 
3119  3.4940154:  3169  3.5009222]  32-19  3  5077210 
3120:3  4941546  |3170'3.5010593l  822013. 507855! 


3l21i3.4942938|;3l7l  3.5011962 
3122  3.4944S29;3172'3.501383! 
31233.4945720  3173'3.5i 


308113.4886917 
3082J3.4 

3083:3.4839785 
3  4820156|;3084i3  4891144 
3.482i1587l|8035J3.4892552l 
8086l3.4828018j.3086;374893959| 
3037!3.4824448:l3087i3.4895366 
3038  3.4825878J-3088  3.4896773- 
3039:3  4827307  '3089:3.4898179- 


31243,4947110  3174 

3 12513  4948500!  18175 

3 126)3.4949890  3 1 76 
31273.4951279  317i 
5 128,8  4952667  3178 
31293.4954056  3179 

3130'3.4955443!!31 


3139,3  4967913 
040J8.4828786*  3090&4899585,  3140.3  4969296 

30413.48301641  30913.4900990  3141 4.4970679 
3042J3  4831592  3092J3  4902.395'  3142  3.4972062 
°043;3.4833020  3093  8  4903799  3148:3  4J73444 
'"  3094:3.4905203  3144  3.4974825 


30443.4834446 
3045)3.4835873 
304~6l3~4837299 
3047|3  4838725 
3048  3  4840150 
304913.4841574 
3050!3.4842998 


3095J8  4'vJ6607j 

3096|o.4908'Jl0' 

097  3  4909412 


3098 


3.4910814! 

3.4912216; 


JIOO'3.4913617 


31313.4956831  3181 
3132,3.4958218  3182 
3133-3.4959604  3183 

3134l8.4960990!i318 
31353.4962375J3185 
3136|8.4963767ji8186 
31373.4965145  3187 

138  3.4966529  4188 
'"  3189 
3_190 

3191 


J014701 

3.5016069 


3.5017437  3225 


322l|8.507990T 
3222  35081255 
K3223  3  5032608 
3224  3.5083950 


3.5018805 

3.5020172 
3.5021539 
8  5022905 
3  5024271 


3226 
3227 
3228 
3229 
8230 


S.5085293 


8231 
S232 


8  3025637 

5027G02 
3.5028366!  328:-: 
3  5C  r3i;S234 
3.50:  I  19413235 


3>5086644 

3.5087990 
3  5089335 
3.5090630 

3.5092025 

8.5093370 
3 5094714 
3  509605? 
3.5097400 
3509874S 


3.5032458  8236  8.5100085 
3.5033831;  3237  3  510142?  i 
8.50351 83ji  3238  3:5102768 
3. 5036545!|  3239)3.51041 0^ 
3  5037907  3240:3:5105450 


3  5U39268J3241J3.5106790 
31921  3.5040629  13242  3.5108130 


:81  98,  3. 5041989/ 
"5043349 


8194 


524313.5109469 


3145,3,497820r.  8195:3  50447( 


314&3  4 
3147J3.4978967 

3143  3  4! 
3149 3  4981727 
815018  4983100 


fS196j3.5046008|i;:246!8;jll3»i8S 
3197  3.5047426-8247  3.51  H823 
3l98,35048785  8248J3.5116160 
3199,3  5050142  324935] 
I3?0p'3.5051500l3250,3.5n8834 
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Lo 


liNo.i    L< 


I  7i  ...  20170  oJJl  35186455 
5121505  3302  3.5187771 
:        .]      1033 

.i     i      :;:  3.5190400 
32553  5125510  >191715 


.No-. 


Lo. 


5254336 


No.  |    Lo£, 


3351  3.5251744  3401  3.5316066 
352  3  5253040  3402J3.531734J 

3403  3.53186H 

3404  3.5319896 

5311171 


I 
!257;3.51281 

5129512133 
J259  i.5130844  33093.5196968 
3260  3.5132176  3310  35198280 
0261  3.513350"d  8~;T7  3~5199592 
8263  3-  3123.5200905 

' ;  26 
I 


'No.l    Lob 


3451   ;  5379450 
.1380708 


■ ..)  3406|3.  156  3.5385737 

,3237211  345713  5386994 

3358  3.52608071 3403  3.5324996^  '3458  3.538825$ 

3359  3  i  09  3.5326270  3459  3  5389500 

3360  3.5263393  34103.5327544  3460  3.539076J 


158 
3454 

455 


3.5381966 
3,5383223 
3.5384481 


58275441 
3831  3.5264085  34llj3.5328817||3461 

3462 

3463 


8362  3.5265977  8412,8.5830090 

: ■"  13.51;  171  3818  3.52022141  3363:3  5267269!  S413;3  5381353 

-  i   8814  3.5:03525,  8864  3.5268560  3414'3.5332635 

326535138882:33153  5204835  3365  3.5269851J  3415-3' 5333907 


J26ri  3  51 1016  J  3816  3.5206145 '  8300  3.5271141  3416.3.5335179 
3267,3.5141491'  33i7  3  5207455  ;3367;3  5272431  3417  3.53364501 
3268  3.5 "       518  3  5208764 j  3368:3.527872U3418'3.5337721i 

8269  3.5144149  j33l9  3.5210073  3369  3.5275010  3410  3.5338991 

8270  3.5145478  38  20  3  521 1381  3370  3.5276299|  3420;  3.5340261 


3464 


iS05':  321  8.52156^9  3871:3.5277588,13421135341531 

3!  8322  3.5213996  83723.5278376  ,3422  3.5342300! 


3272  3  51481 3'- 

3273  3.51  194 
8274  3.51507871  38. 


3  3.5 


15803 
46610 


3.5393271 
3.53!  4525 
3.5395779 
3465J3.5397032 

3460  3.5398286. 

3467 

3468 

3469 

3470 


3373  8  5280153  3428  3.5344069 


3374  3.5281451 


;v275  3  5152118;  3325  3  :  217916  3375,3.5282738 
3276  3  5153439;  332*5  £5219222  J3376  3  5284024  342613  5847874 
327?  3.51547641  3327J3.5220528I  3377  3,5285311!  342713.5349141 
8278  3.5156089  8328  8.5221833i3378  3.5286596'  34283.5350408 

279  3.5157414  3329i3  5223138J  3879  3.5287882'l3429 
3280  3  5153738  3330|3  522444-2  ;3380  3.5289167  3430 


«281 

3282 


3.5160062 
3.5161386 
328313.5162709 
3284  3.5164031 

3385j3_  5 165354 

J3286!3 
3287 


8424  3.5345338 
3425  3  5846606 


333H3.5225786  J3381  3.5290452  8431 
3332J3  5227050  '8382  3.5291786  3482 
3333  3.5228353  !3383' 3.5293020  3433 

1334::<.5229656  3384  3.5293304' 3434 
3335!3  5230'?58''3385  3.5295587|!3435 


3.5166676  333613.52  )    5386  8.5296870  3436 

3.5167997  33373  5  .  ■       2      >7  3  5298152  13437 


3471 
3472 
3473 
J474 

W5 


3476 


3.5404546 

3  5405797 
3.5407048 
3.5408 

3.5409548; 

8^5410797! 
347713.5412047 
3478  3.5413296 


3.5351675;  3-179  3.5414544i 
3.5352941  13480  3.54157i-2: 


323. 


,«(i 


o4<&  3.5169318  [33383.5234863  3383  3.5299434  3438  3  536305 
13289J3.J17063?  3 33913. 52361 64|  3389  3.5300716  3439,3  536432 
|3290[3  5171959  3340[3  5237465  3390  3.5301997 
3341E5238765  3391  3.5303278 


5354207134813.5417040 
.535.547334823.5418288] 
3.5356r38|3483  3.5419535j 

3484  3.5420781; 
848513  5422028; 

3486|3:5423274! 
348735424519! 

3488  3  542576  >; 


3.5358008 
3.5359267 


A762Y9 

33923  5174598 

32333.5175217 

177236 


!295 


3.5360532 

3.5361795 

059 

2 

3440|3.5365584 

344  113.5366847 


!  )2  3.5804553 
3.5241364  3393  3  5305839 
3.5242663-  3394:3.5807118 
35243961113395,35 


. 


167. 


3298  3.512' 


J297\3  51811 

S     5313254 


,,3209  8.-: 
I:  300'3  5lPei 


4:  :       I  i 
•      ■  >5044 


3442  3.5368109 

34428  5369370 
34443.5370631 
J4453  5371892 


844o  .->. 


315! 


3447,3  537441  :• 
3448  j  3.537567C 

5378191 


348913.5427010; 
3490^3  542 1 


(34913.5429498 

3492  3.5430742; 

3493  3.5431986] 
3494'8.5483220i 
3495|  3.54  34472; 

3.54357141 
S497i3.5436 
3498;3.54881  B 
349913  5439439 
85J0  8  5430G801 


ARITHMETICS. 


OO  J 


iNoTj    Log.     JNo.     Log.    j|No:l    I 


50 1  3.5441921  3551  3.5503507  3601'3.o5o423l 
3502'3.5443161  3552  3  5504730  3602J3.5565437 

503'3.5444401  3553  3.5505952  3603  3.5566643 
3504*3  5445641  35543.5507174  36043.5;  17848 
35Q513.5446880  355^3.5508396.  3605!3  5569053 
3506*3.5448119  o556o.oj09618!3606llo.o5ruii57 
6507!8  5449358  3557  3  5510839  2607  3-5571461 
3508J3.5450596  35533.5512059  36083:557  H  65 


No./    L 


No. i    Lof* 


.5624118  ''3701  3~>oob  191 

.5625308  J3702  3.5684364 

3.5626497,3703  35685537 

3  5627685  3704  3.5686710 

3  562887413705  3  5687882 


o5085.5450596  3553.:.  3512059  3O083.557  W  65  oojdo  aoozao/  j. 

3509  3.^61^.^  :355c| 5. 5513280  i8609'8.55788o9  365913*56336:4 

1 51510  3.545307  r^,-,.;,j5J-  1500  J361QJ3. 557  W2  ^0  :5.50342U- 

"*-  366l[3;5635997  3711JJ 

3662  3.56871 83  3712  3.5696C 
3C63  3.5638869  3713  3.6697S 


1351113.54545 


>5bl  3.55151  J0',3uTT'.:.^j/o2?5 


55123-5455545  3562  3  5516939  36121 3.5577477 


35l4  3.545801i 


8515'3.5459253  3565  3  5520595  1361513  5581033 
33163-5460489,  3S66  3.5521813  '3616(3  5582284 


1564  3  5519377JJ3614  3.5579881 


3651 
3652 
3658 
8654 
365.    _ 

ob56  3.5630062^3  7  06J3.5689054 
3657  3.5631 250  8707  3.56902261 
i658!3  5632137  37083.5691397 
56886: 1  370913.5692568 
37  i0|3. 5693739 
o94910 
6080 
69  :3713|3.6697S49 
5639555 '371413.5698419 
5640740 '371 5I8.5699588 


35173.5461724 

3518'3.5462958  356 

3519J3. 5464 193  3569  3.5525  Iu5,|3619j3,5585886 

3520  3.5465427  '3570  3.5526682 ,,3620l 3. 5587086 


'"3567  3.5523031||3617|3.5583485 
3568'3.5524248  36183  5584636 


352113.5466660  3571  3.5527899, 

3522  3.5467894!3572  3.5529115 

3523  3.54  59 126  ;8573|  3.553 1030: 
35243  54703591|3574,3.553 15451 
3525J3.547 1591  857 5  3.5532760' 
3526'3.5472823:  3576  8.5o38975 
3527)3 .5474055113577  3  5535189 

52813.5475286  !3578|3.5536403 
35793.5537617 
3580  3.553S830 
3581 


;621l8.oab»^85 
3622  3.5589484 
5590683 
5591882 


3628 
3624 
3695 


3664 
3665 

3666 
366? 
3668 
3669 


^641925!!3716 

3.5643109'i  3717 
3.5644293 '3718 
5.5  6454771  3719 

0   :c<c^ci     o-ro/-\ 


)70U757 

3.5701926 
3.5703094 

3.5/04262 


3670  8.56  16661;  37 20-^  5705429 


5o/l  3-0647844!  b?2lp.o^U6597 


3  5593030 


3529'3.5476517 
35303.5477747 


ob^olo.5594278 

3627  3  5595476 

3628  3.5596673 


35313.54789771 
3532  3  5480207 
3533'3  5481436 
3534,3.5482665j 
8535'3. 54388941 


3629 

3630 
3631 
3632 


2672  3  5649027]  8722 
3673\3  5650209;  3723 
3674J8. 5651392;  3724 
3675I3.56525731  3725 
o:/i  o|3  5653755  o726 
3677 13.5654936!  372! 


5  5707764 
5708930 

3.5710097 
5711263 


5540043! 
3582  3.554125 
35833  5542468JJ3633 
3584  3.5543680|  3634 
__  3585  3  55448921 13635 
i536'8.o-iaol28,b586  5.,->o4bl03  '8636 
3537!3.5486351.  3587:3.5547314  363,7 


3538  3.5487578  8588  3.5548524! 

3539  3.5488806;|:3589  3.5549735 
8540  3,5490033 
(Sin  3.5491259 


13542  3.5492436 
18543  3.5499712 
JS544  3  5494987 
P545  3.5496162 
13546  3:5497387 1 

3547,3.5498612 
b548'3.5499836, 

3549l;3  550.1060! 
f3550l3.5502284i 


o591  5  5552154] 
>592  3.5553363 
3593  3.5554572 
35943.5555781 
35953.5556989 


o5\,bb.  5558197 

3597  3.5559404 

3598  3.5560612 

3599  3.556181 

3600  3.5563025 

"20 


638 


3.5712429 
35713598 
3.5714759 
3.5715924 
3  5717088 
3,5718252 
3.5719416 
3.5720530| 
3.5721743 
^8518.5664375  3735  3  5722906 


>684-l3  5663196  3734 


3678J3.5656117  3728 
3.5597870',  3679  3.5657297  3729 
3.5599066!  368Ql3.5658478J  3730 
3.5600262  3681  8.5659658  8731 
3.5601458  3682J3.5660838  3732 
3  5602654]  3683|3.5662017:  3733 
3.5603849 
3  5605044 1 
3.56062391  oub6;oot)t>oo55  oto6  J. 5724169 


3560743.r:l3687  3.5666731;  3737 
560862?  li  3688  3.5667909'l3738 


3639  3.56098211  3689|3  5669087  '3739 

3640  3  5611014 


3641 
3642 
3643 
3644 1 
,36451 
iou4b 
3647 
1364* 
364S 
,3650 


3.5612207 
3.5613399 
5  5614592 
3  5615784 
5.5616975 


3.5618167 
3.5619358 
5.5620548 
8.5621739  3699 
3  5622929  3700* 


869013.5670264  3740 
bb91|3.5671440  3741 
3692  3.5672617.3742 


3693 


8694 
8695 
3696 
3697 
!3698 


3.5678793  3743 
3.5674969  3744). 
5676144  3745 
J.ooy?if20,  3746 
3.5678495  3747 


3.5679559  374 
3.5670843J  374 
3.567201 7'  375013,5740313 


35^25231 
3.5736393, 
5727554 
8_5728716 
3.5729877 
3.5731098 
3 5732198 
5733358 
3.5734518 
3 5735678 
3  5736837 
5  5737996 
5.5739154 


c:>2 


LOGARITHMICK 


i 

S800121 

1.5801265 
'380 :  3  58O240.J 

3806pT5i 

58069jSc 
5808.11C 


3810:3  o:--0'.-j.-}>- •...  jj  5  58658 


No.     L 

574494? 

I 
15756*3.  Yi 

■ 
574956! 

3759  3.  o7.5072i 
3760:3  :-. 

J75309S 
8762-3  5754188 
3763  3.5755347 
376i3  5 7 554V: 6 
3765  >  5757650 
3766:3  37.08303 
3767J3  5759950. 
3768f3.576ir09J 
376*3.57622611 
3770  3.^-33414 
6771 5  57645651 
37723.5765717 
i775'5  5766368 
37743.5768019] 
3775  3  5769170\  3825  3  5826514 


385 J  S.j»5d735 
8852  3.5 

3853  3..^  >;:•:  > 


\o.l    !.(/' 


i\< 


3901 3 5    117  0    •     ]   i 
I 
....  ,       03  3.5913986  39533.596! 
3854.3  . 

13855  3J  Li     10 

,)i;io,  . 63    ,  •          ••      5917922  ./." 
3857  3  I      .  073.5918434  3957  3  597366] 

908  35919546 13958  3.59747*8 
3839  3  i  09  3.5920657   3-9£«  J  5975853 

3  ,4  5865J ; . !     '.'10  3  5Si3a retf fo9 60  3  5! 


3811  .>.  ;1U  I  i78  396~1 

3812:3  581 1529JJ3862  3.58681$         I        >923988i396S 
1813  35812668 


3314  3.531330; 
138153  5814945 


.5978048 

:  597'.  99 

^913'3. 5925098  ;5960  3.5980241 

3364  3.58703711  3914'5.592620S'j5964  3.5981850 

582432 


!  -••.;•  .5869247ji 


1495' o915!3  592731! 


3776J3.5770320 
3777I3-5771470 
377813.S77262C 


3779]3  5773769 
g80g.5774918 

378l!3.577609> 

37823. 5 

3783J3.5778563 

3734  3.5/' 79511 

37853.573065? 

>/85;3.578i806 

37873.5782958 

3788  3.5784100 

3789  3.5785246 
3790^3.5786392 


•;o,ji  u  oox.  x  I  (  V)  \yJ^>i  i.  \j-*/*ji  u^o^i  jy«.  i  .jw^oj^uu   .ji>  (  i  i«j«0988999 

3822  3.5822907'p872  3.5879753!!3922  3.5935076  3972  3  5990092 
38233.5824043 '3873  3.5880475j.392Si5  5936083  3973 3.5991186 
3824  3.5825170, 3874  3.5881596J3924!3.5937290  39743.5992279 
4  3875  3.5882717l|3923'3  5938397  I3975I5  5995571 
3S26  8.5827450!  bo,  6o.5883838^3926m-o^o03  b976'3.5994454 

'     56! 


>1  3.5833122,'  3881  3.6889436 jo93l  ^-^45050  oboi.»  .^9922 

3832  3.5834255  3882  3.5890535  393213.5946135  3982 '3.6901015 

3833  3.58355881  5883  3.5891674  |5953;3  5947259  3983  3.6002103 
3854  3  5836521;  3384  3.5892792  jS954;3.5948S44  !S984'5.6C05195 
3835  5  5837654'  3885  3  5895910  j3935|3_5949447  :5985;3.6004283j 

•5895028  5956 5  5950551  ;5986'5.60b5o/5J 
59573  5951654  '5987  5.6006462; 

5958  3.5952757  i59385.60O755l| 

5959  3.5955360  l5989'5  6008640; 


$7913.5;      .     s 

V9G975: 
"795:5  57921 18j 

37973.5; 

<72?\3.579555G 
5796693 
::  97836 


cc:;6  35358786!  3ett6  3 
3857  5  5859918  5887  5.5895145 
5858  5.5841050i  5888  5.5897265 
3859  5  5842181;  5889  3.5898579 
5840  3J5843512I  88903  5899496 

3841  33844443  3891  573^00642 

3842  5.5S45574;  5892  5.  i'901728 
5845  5.5846704j  3895  5.5902844 
8844  3.5847  834s  3894  3.5905959 
5S45  3  5MS9C3.  5395  3.5905075 

$96  .: 


5940  5  5954962 J5990 5 0009729 

5941  o.o956064  )3991  o. 0010817 
8942  3.5957166  3992  3.6011905 


3847  5.. 
38483.5852351 
5949  5.. 
3850  3.5854607 


^b!89 
8897  5  5907304 
5898  5  590S44  8 
>"899  5  5909532 
•900  5.5910646 


3945'3  5C582C8 

3944  3.5959369 

3945  3^5960470 

3946  5  5961571 

5947  3.5962671 

5948  8.5965771 

5949  5.5964871 
39503.5965!  !  1 


;993'3.601299S 

8914  3.6014088 

J15168 


3:~l^o.tvib255 
3997:5  6017541 
39983*6018428 
5999  5.6019514 
4000  5  6020600 


arithmetics: 


400l3.0U2io80j 

u,2277l! 

602385/1 

U0043.6024941J 

kQOS&GO  16025 


[400(3  3 

!5009|8 
;40103 
j40113 
4012)3 
'•4013  3 
J40143 
40153 


.602  lutf 
6028**93 

.602927/ 
.6030961 

6031444 

.6032527! 

6033609, 
6034592 
6035  .'74 
6036855 


.  .    . 


,  15  J 
1,053 
1055 


,1    1<<\:.     llNo.j     Loj 


3.6  >75b2'k 
$6076694 
J  6  177766 
3.6078897 


U013.61  !i 
Ul02l3.i 

41j03  3.6131015i|4153 
4104 


4105 


6132074H4I54J3. 
i  155  3 


105«3.60tf0979 
10573.6082050 
4058  3  6083120 
4&S93  6  184190 
406^,16085260 
40613  6«863o0 
4d62  3.608/ .299 
4063'3.60884e« 
4064,3.6089537 
406513  6090605 


410613.6134189141 
4107(3.  >iS5 
41083.61363041 
j.109  1  613;  ->;'<    -  159|3 
411013  613841b  4l6o]3 


4111|3.61394/5!;4161  3  6191977 

4162J3  61!  3021 

..  ,41633.61 

4U4|3  o  142643:  4 164J3-61 95 lu" 

i4165!3.6196l5u 


4112  3.6140  j31 
41133.6141587 


41L5*i.6143698 


4ulo  3.6037957 
4017'3  6039Q18 
4018*3.6040099 

40193.6041180 
4020  3  6042261 


4066.3.00910/ 4 
4067  3.6092742 

4068'3.o093809 
4069b  6094377 
J07OI3  6095944 


4U2J  '3.0045541 
4#22  3  6044421 

'4023  3.6045500 
J4024  3.6046580 
4025 3  6047659 


4t>fl'3.6097Ull 44121  '3.61 50026 
407213.6098078  4422J3  6151080  4179  3 
,4123,5  G152l95i4174-?< 
4124S.61S3M?  :41?4|3 


'4020  3.6048758 
4027'3.6049816 
14028  3.6050895- 
U-029  3.6051973 
'4030  36053050 


40513  6054128 

4032  3.6055205 

4033  3.6055252 

4034  3.6057S59 

4035  3.6058435 


^036  3.6029512 

j4037  5.6060587 

4058  3.6061663 

4059  3.6052759 
14040 3 6065814 


4116  3.614*/ 54 

4117  3.6145809 
[4118  3.6146863 
:4119j5  6147918 
41203  6148972 


6181527  4201 3.6233527] 

.1 

618361 9J4203 3  6235594 

,'36627, 

6165110 J4205 3  6237660 

^>.i:^3b693; 

6187800IJ4207  3.6239725] 

8  3.6240757] 

6189889114209  3*6241789: 

!   :.  10 3.62428211 

42113.02438521 

4212  5  6244831' 

4213  3.6245915 

4214  3.0245945 

4215  3  6247976 


4166 

4167|3 
41683, 
I 

.4170  3 


.bl-97193 

.61982,,. 

.51  i  1  r; 

6200319 
6201362 


4075  3.0099144 
40743.6100210 

4075:3.6101276 
4076|3»6102342 

4077  3.6103407 
407S!3.6104472 
4079J3.6105537 
4080  3.6106602 


1412513.6154240  4175[3 


41/ 15.. -202402 
6283441; 
62044-84 
6^5524 
6206565 


4126  5.6155292:417  6  3 
'4127:5.6156345  41775 
Ul28>3.6157397:l4i78  3 
4129  3.6158449 1417913 
41303  6159501  4180$ 


6207005 
6208645 

.6209684 


4216  3  e 

4217  3;  6250036 

42168.6- 

4219  3.6252095 

4220  3 


4154 

4222  3.622.5182 

4223  8.62562I1J 
4234  8.C257239 
4225  5  6258267 


142263.6259295 
42273.6260323 
{4228 3  6261350 
62107241 4229  3.6262577 
6211763  42 >Q 3  6263404 


40813, 

408213 
4083  3 
4034'3 
4085:3 


413113*6160552!  4181  j3  6212802!! 4231 13  6264430 

4132:3  6161603  41823 
4138  3 .6162654  4183  3 


4086  3 
40873 
408813 

4089  5 
4090!3 


6107666 
6108730 
6109794 
6110857  [4134*3  6163f05i]4l843 

_6411921i  41 85  3  6164755  14185  8 

14136  3. 616580514185 3 


6213040|4232 3 626545? 
.6214879  4233  3  62664-83 


6112984 
6114046 
6115109 
6116171 
6117338 


6215917  423 4|  26967509 
62^6955  J4235h.6268534 
6217992i!423b!3.6269560 


41'37  3.6166855j!ii87  3 
41383.6167905lUl88!S-- 

4139  3  6168954.ll!  89  8.622110  lj,4239l3.6372684 

4140  3  6170005  '  \  i90!3  6222140?  1-240  3,6278659 


.6219680  4287!5  6270535 
.62200  .  627161Q 


4041  3. 

4042  3 

4043  8. 
40443, 
40 15  5 


5054889; 

6065963 
6067037 
6063111 
6069185 


4040  3 

4047  3 

4048  3 

4049  3 

,4950  5 


60;  0259 

6071382 
.6072-103 
6073478 
6074550 


14091;  j 

4092  5 
4093 : 3 
409413 

4095!  3 

[4096 
4097 
4098 
4099 

U100  3 


6118295 

.6119556 
6120417 

6121475 
6122  52 

^23599 

• 

6125720 

,6126779 

,6127889 


4141  3.6171060 
6172101 

4145  3  6173149 
4144,36174197 

4145  3  61?  5345 


-li-i-o  7.617>6293 
'[147  3.6177340 
41483  6478387 

4148  3.6179434 
8  8048* 


4191  5 
U923 

4193  8 
14  94  5 
1195  3 
'■196-3 
1-1973 

:  * 


323317* 
6224215 


424 1 


627570 


.5226234 
6227320 

.b22«355 
6229390 
6280^2* 
S33145i 
6232493 


4244  3  ( 

1-245  8  6278777 


£246  3.6279800 
42473M 

4248  3.6381843 

4249  3  6 


**j; 


LOGARITHMICK 


N<j.|  Loe;. 


42513 


4252 


45 


2533 


4254} 

4255]; 

425d|3 

4257,3 

4258  3 

42593 

4260|3_ 

426l|3 

42623 

4263|3 

4264)3 

4265,3 

4266}3 

42673 

426813 
42693 

42ro'3_ 

4271*3 

4272,3 
4273  3 
4274'3 
4275'3_ 
42763 
4277 


No.i     Loe 

1  502  3 
W303'3 
4.5043 
43053 


No.      Lob:.    [IN 


6284911 

6235933 
6:86954 
6J87975 
6288996 

o>i90uiujl14.M>Ovi 
6291037\  4807  8 
62920571  48083 
629307  6|j4809  8 
6_294096|'4310  3 
"oJ95U^ 


O555o9 4 ;  4Jdl 3 

6336704!  4352*3 

68377 18'J48  88.; 
658872314354 
^8JV82;;48:k> 
634U£ 4J  48oti 
6341749:4357 
6342*57  [4358 
6343765J4359 
6344773  4  6  I 


•48  ll 8 
4312'3 
4815  3 


621)6134 
6297153, 
6298172" 4314 3 
6299190|'J.;i5  8 


6301226 
6802211 
6303222 
6304279 


6j>0529o 
6306312 
6307329 
68088 15 
6309361 


429113 
4292:3 
4293:3 

4294!8 
42953 


6325j85 
6826597 
6327609 
6328620 
6829652 


4296  3 
422713 
429'S'3 
4299j3 
43.,0!3 


o.*3064o 
6831654 
6832664 
6833674 
6334685 


0845/bu  |436: 
6346788  J436  13 
6347795  436313 
6348801'  436413 

68^808!4865!8 
085081-*  UoWip 
6351820  43673 
6352826'  4368:3 


0o85»yi|  440J 
638688914402 
6887887  440:, 
6388884  4404 
6389882JJ4405 

<>.>90«>f  i'|l44O0l.7 

6391876  44073 
63^28^2 144081s 
6393869  4409:8 
J394865IJ4410J3 
Oj^jboi  441X3 
6396857B**2j3 
689785^f4415  8 
639>47JJ44l43 
fc*99842  4  !-15  3 


14545 
1 4 455 6 

too  5 

1*457  3 

4458  8 

4459  3 
44603 


648552 
6486{27] 

648750.' 
M-8i*477| 

64894521 

6490426 
6491401 
6492375 
6493349 


481o8 
'431713 

4318  3 
4319:3 
43203  6354337  ;4370'3  64048141  4420'^ 

442li3* 

4422:3 


6400K3/  i44l6'8 
6401832  4417  3 

6402826'.  441818 
6403820/441913 


48jl3  0^55845  .437118 
4322.3  6356848;J43723 
432313  6357852' 4278J3 
432413  6358857,4874i3 
4325(3  6359861  !4375!3 


48263 
43273 
143283 
4329:3 
143303 


435 1{8 
4332!3 
4333\3 
4384  8 
4335J3 
4380  3 
4337|  3 
43383 
4339J3 
4340|3_ 
484i|8 
434213 
4343  3 
434413 
4345,3 


6860oJjji4570  3 
6361869':4877|3 
6362873)14378  S 
6363876]  437913 
636487  9i'4380]3 

0365882J4381 


63668844582 
6367887M383 
63688894384 

636989114385 


6570898; 
6371894; 
68728951 
6373897f 
6374897J 
"657o8^o" 
6376898 
6377898 
6378893 
6879893 


143863 

4387 

4388 

14389 
14590 


4891 
4392 
4393 
4894 


4346:3  6580»y/,|439t 


4347 

4343 

4349 

114850 


3  6381896||4397 
3  6382895]  4398 
3  6383894]  439C 
3  6384893!I4400 


4423  3 
4424'3 

442_5l3 
4426^3 
4427*3 
4.28-3 
44293 
44303 
0415/58  4481 3 
6416724' 4432  3 
6417715:  4433:3 
6418705;  4434  3 
6419696' 14435  3 


6440445 

6141431 
64424*5 

G.^ylOl 
F444386  _ 

0445371 j 4461 3  6494332 
6446955144623  6495296 
6447399!  4463 3  6496269 

6443328 :J4404  3  6497242 
6449307, !4465  3  6498215 
"6450291  4,66-8  6499187 
6451274  4467  3  6500160 
6452257  |4468 3  6501182 
6453240  '4469  3  6502104 
6454223 ' ,4470 8  6508075 


O4.»o205  !4471'3 
6456187  |44723 
64571 6*9;|4473!3 
645815l',l4474l3 
6459133,  J4475J3 
~~  4476,3 
44778 
44785 
4479|3 
44803 


6460114 
6461095 
6462076, 
6463057! 

6464037! 


0504047 

6^)5018 

6505^9 

650696X7 

6507930' 

6509901' 

65098711 

6510841' 

6513  8111 

6512780! 


6420680 i 
6421676! 
6422666! 
64236564 

6424645 


0425684 
6426623 f 
64276121 
6428601 r 
6429589"  4445 3 


4486  3 
4437-3 

4438  3 

4439  3 

4440  3 

44413 

4442  3 

4443  3 
44443 


6465018  4481 8  Ool8749 

64659981  4482J3  6514719 

646691 7\  4483|3  6515687 

6467957  4484'3  6516656 

6468936' |4485[3  6517624 

04-699 15.|4486j8  6518593 

6470394  14487  3  6519561 


6471873 
6472851 
6478830 
6474808  4491 
6475785  4492 
6476763  4493 
6477741 J4494 
64787 13  j  4495 
3  6430577J  4446  3  6479695'  4496 
3  6481505  44473  6480671,4497 
3  6432552  4448  3  6481643  4498 
3  6433540  4449  3  6482624  4499 
3  6434527  4450  8  6483600  4500 


4488'3  6520528 
448913  6521496 
449018  6522468 

3  6523431 

3  6524397 
3  6525364 

3  652638: 
3  6527297 


6528263 

6529229 
6530195 
65311 GO 
658212i 


ARITHMETIC!:. 


225 


No 


45U1 

4502 

450. 

4504 

4505 


Lot;-. 


3.65J.3U9U 
3  6534055 
3  6535019 
8.6535984 
3.65o6948 


45063. 

450713, 
46083 
4509  3 
45103, 
45115 
45123 
4513*3 
45143 
4515  3 


'OOf  91^ 

6538876] 

6539839 
6540802 
654 1 7 65 
($542/  28 

65436911 
6544653' 
6545616 
6546578 

45i6  365475oy 

4517  3.6548501 

4518  3.6549462 
45193.6550423 

4520  3.6551384 


No. 


4551 

455-2 
4553 
4554 
4555 


4o50 
455? 

4558 

'559  J 
156913 


Los.  | 


1.6581068 
1.6582023' 
!.6582977j 
5.6583930 
5.6584884' 


46U1  3.6628522!  4651  3.66/5465 

4602  3.6629466|  4652  3.667639? 

4603  3.663041014653  3.6677331 

4604  3.6631353.  4654  3.6678264 

4605  3.6632296  !4655  3.6679097 


6585837 
6536790 
6587743 
6588696 
6589648 


;.659UO01 
1.6591553 
.6592505 


No. I     Loir.    |.No.|     Lop;. 


L.OJC 


4610 


4611 
4612 
4613 


4oOl;5 

4562 

456313 

4564  3.6593456!  14614 

4565J3.6594408;  4615 

.6595359!  4616 

.6596310  4617 

.6597261 

.6598212! 

:6599162 


5bb'3 

5671.3 

45683 

4569 -j 

4570' 


4121  3.  o552'3-*o 
45223.6553306 

4523  3.6554266 

4524  3.6555226 

4525  3.6556186 


4571 
4572 
4578 

4574 
4575 


45263. 

45273. 
45283. 
452913. 
4530  3 


6557145 

6558105 
6559064 
6560023 
6560932 


4576 
4577 
4578 
4579 
4580J3.6608655 


1551  8 

4532  3 

4533  3 
45343. 

4535  3. 

4536  8 

4537  3 

4538  3 

4539  3, 
45403 


0561i/41i 

6562899: 
6563857 
6564815 
6565773 
656o7oO 
6567688 
6568645 
6569002 
6570559 


45418 
4542  3 
45433 

4.344  8 
454513 


6571515 
6572471 
6573427J 
6574333 
,6575339 


454ol5 

4"4r  8 
4543  3 
4549,3 
45503 


657029 

6577250 
6578205 
6579159 
6550114 


4618 


3.6600112; 

3.6601062 
V66020121 
3.6602962 
8  6603911 


.5  00U43OU 

3.5605809 
3.66P6758 


4ouo!3  6b33239|40o6 3.668ul"S0 , 

4607  8.6634182  4657  3  6681062  '470/ 
4608 3.6635 125J4658 3  6681995} 470* 
4609  3.6636  67J  4659  3.6682927  4709 
n  3  6637009, J4660  3.6683859||4710 
3"T6-j8795i  46ol  3  668479ijkr  11 
3.6638893'  4662  3.6685723  4712 
6689835  4663  3.6686654IJ4713 
3.6640776  4664  3.6687585M714 
3.664l?lri4655  8  6688316  4715 

4066  3.66»9447  4/  lo 

4667  3.66903!- 8<[47 17 

4668  3.6691308|j4718 
46693:6692239  4719 
4670  3.6693 169;|472U 
46 
46. 

„■  4674 36695958?  47ao 
4624j3.6650178;j46743.6696887J|4724 
4625j3.665i:i7!  4675  3  6697816' 
4O2OJ3.6652056  46763.6698745! 
4627  3.6652995!  4677  3.66P96741, 
4628|3.6653934t  '4678  3.6700602 
3.6654872  4679  3.6701530 


3.664265a 

3.6643599; 
3  6644539 
4619J3  6645480 
4620J3  6646420 
46213.6647360 
462213.6648299 
■623  3.6649239 


3.0721903 

3  6722826 
3.6/  23750 
5  6724678 
3 6725596 
o  o/2651i- 
36727442 
5  6728365 
18.6729287 
'36730209 

10.0731131 
1 8  6732053 
(3  6782974 
13.6733896 

8  6734817 
o.o/ooi' 58 
8  6736659 
3.6737579' 
3.6788500 
36739420 


713669409914721 

72  3.669502814722 


4725 


3.6607706 14629|„„ 

4630J3.6655810,  4680  3.6702459 


3.66096U8 
36610551 


45iil 

4532 
4583 
4584 
4585|3.6613393 


45S63. 061434-1 


4o51  36656748 
^632\3  6657686 

3  6611499  4633J3.6658523 

3-6612446 


46843.6659560 
4685  3.6660497 


4081  3.0703386 

4682  3.6704314 

4683  3  6705242 
46843.6706169 
468536707096 


O.0/4U540 
3  6741260 
> 6742179 
3.6743099 
3  6744018 


4726 

47271 
4728' 
4729! 
47301 


o.o,"i4937 
3.6745856 
3.674.6775 
3.6747693 
3.6748611 


4731  15.6749529 

4732  3.6750447 

4733  13  6751365 
4734 '3.6752283 
473513.67  53200 


4-0.30 


4587  3.6615287  4637 

458813  6616284  4638 
1589  8.6617181  4639 


3.6661434 14686  3.6708023  4736  i>JM  54117 
I  46873,6708950  j4737!:3.6755034 


4590  3.661812; 


: 6662371 
>  6663307! 
5  6664244' 
5.6665180 


4688  3.6709876  4738JJ3.6755951 

46893  6710802  !4739;|3.6756867 


4640  3.6665180  4690  3  6711728  J4740;J3.6757783: 
4591  3.6§19o73  4041  3.6666116  '4591  3.6/12654  4741  o.O/  5«700! 
45923.6620019  4642  3.6667957]  4692i3.6713589  |4742  3.6759615| 
4193  3.6620964  14643  3  6667987 J469313.6714506:  4743  J3.676053I. 

4594  3.6621910  |4644  8  6668922  46943.6715431  4744  13.6761447  I 

4595  3.6622855  14645  3.6669857i  4695  3  6716356'  4745.J3  67623621 

459Oj366238o0l  4640 3.6670792  46. 6;o  6717281 


45978.662  :745:|4647|3  6671727 
1598  3.6625690!  i464K;8.66726611 
lr599|3.6626G"4!;  [6491;:. 6673595 
460013.66275781 '465QJ3  6674530 


4697J8.6718206 
4698(3  6719180 
469913.6720054 
470o!,3  6720979 


4/46  lo.w  t'.:>2/  7 1 

4747  1 8.6764192] 

3.6765107 

3.6761  - 

3  6766936 


474 

4749 

4750 


226 


LOSARITtfMICK 


No. 

TfTl 
4,752 

4754 
4755 

(4/  J'„ 

4757 
4758 

47.5:) 

«4/ol 

476  2 

4764! 
tf65 

7    ■ 
4769 


No., 


ho  I 


3.67o,  oju  J4801  3.681331/  4851-3  0858815 

3.67685S4  !4802'3.68J  1222  '4852  3  6859208 

'3  6769678  &803  3.6815126J4853 '3.6860103 

!o.6770o92  4804|3.68 16010  4854 '3.6860998 

i816934  4855 '3.6861892 

.:.'),,.no'l-ii  J.68178J8!  4856 '3.6802?  87i 

'■  I  -'  >/l3681874ll  4857(3  6863681 

J  (3,Y4  244:i- ■••<,•■  '    L9645J  4858 '3  6864575 

3.6775l57|j4809  3.6         I       859:3.6865469! 

>070!4810,3.682145J    : 


No.,     Loj^ 


No  I     Jvoer.    r 


490J  3  6902847  ,4951 
1902  3.6903733  h4952o 

4903  3.6904019H4 

4904  3.6905505  4954'S 
4905!  3.6906390  4955*3 


69478051 
6948683 
6949500 
6950437 


4906  3.09U7275  40oo  o.t>96 1313 

4907  3-6908161  ,4957  3 .6952189 

4908  3  6909046'  4958  3.6953065 
W09  S.6909930  4959  3.6953941 
4910  3.691 0815!%4960!3.6954817 


O.O,    I  OJOJ, 

3.6777894 
5.6778806 
3.67/9718 
3.S780629 
3.6/bljr4u 
3.6782452 
3.6783362 
3.6784-273 
3.6785184 


481113 

t81  ■  ! 
48143 
4815  3. 

431 03 

4817  5 
4313  3 
4819  3 
1820 


4861 


682325614862 
6824159.4863 
<>83J061  4864 
6825963  486a 

.632085.514000 
68277661486? 
.6328668 14868 
.6823/. 69 ; 4869 
6830470  4870 


4.  ii  i  8 
4-773  3. 

47733 

4.774  3. 

^7755, 


67850 M 

5787004 
6787914 
6788824 

6789784 


4821 3.6831371  4871 

4822  3.688227214872 
1823  8.6833173  [4873 
4824  3.6834073  14874 
48253.6834973  48> 


4776  8.  i/yJoiJ  48  >o  3.68358, 
4-7773. 6791552;  4827  3  6836773 
4773 '3.6792461  4828  3.6837673 

4779  3.6793370]  4829  3.6838572 

4780  3.5794  279|  4830  3.6839471 


818. 
47823. 
4783  3. 

4-784  3 
'85  3. 

'87  8. 

47883 
■89  3 
'9QS. 

i .  9 1  3 

4798  8. 
i-794-  3 
47953. 

796  3 
4797  3, 
^793  3 

4799  8 

4800  3. 


67951b/ 1  4831  3.6840870 

6798096'  4832  36841269 
6797004!  4833  3.6842168 
6797912  4884  3  6843066 
6799319  4835  3.6343065 


i7256j  4911  3.69116991  4961  8.6950392' 

691 2588  8:909  5.69565681 
6913468 '4968  3.69574431 
6914852  :4964  3.6958318 
6915235  '4965  36959193 


5  6808150; 
3.6869043! 

8*3869936 
3  6870828 
8.68? 4  721  I 


4912  3. 
4918  8. 

4914  3. 

4915  3. 


4916'8.6916119:  4966  5 
8.6372618  149173 


.6917002  496!  3 

.6917885'  4968  5 
.6918768  4969  8 
.6919651''4970  3 


6960067} 
6960942 
.6961816 
.6962690 
6963564 


8.6876181;  49213.0920584  4971. o. 1. 
8.6877073  <4922  3.6921416 '4972'3.6965  ill 
3.o877964'!4923  3.6922298 "4973:3  6965185 
3.687885514924  3.6923180 ;!4974!3  6967058 
3.6879746  4925  3.6924062- 4975  3,6967931 


6/99727|  4856  5 
6800654  435? 5 
6801541  4858  5 
5802448  4839  3 
-H0"':8:55  4840  3 


6844863 

6845761 
6846659 
6817555 
6348454 


68042o2 

5305168 
6S06074 
6309680 
6807886 

68087921 

(v30<)692 
6810502' 
63115071 
6822412! 


48418. 
48433 
4818  5 
48443 

1-845  3 
4846J3 

1      7 
484815, 
4849  3 
4350I3, 


6849351 

6350248 
6851145. 
6852041' 
6852988 
68-5884 
6854730] 
6855626: 
6856522, 
C357417' 


4870 
4877 
4878 
4879 
4880 

■4881 

4882 

4883 

,4384 

J4885  3 

4886 

4887 

4888 

4889 

4890 

4891 

"4892 

4898 

4894 

4895 

4896 

4897 

4898 

4899 

4900 


.6880637  49263 

.688152814927  3. 
.6882418114928,5, 
.6883308f4929  3. 

.6884198|4°30|3. 

.6885088;  4951  3. 
.6885978  J4932  3. 
.6886867  4933  3. 
6887757i  49343. 
6888646i!4935:3 


6924944 
6925826 
6926707. 
6927588 
6928469! 


.68895351 
.6890423j 
.6891312! 
•6892200: 
•6893089J 

'.G893$f? 

.6894864 
.6895752 
.6896640 

6897527 


4936!3 

4937-13 

4938' 

4939 

49403 

4941! 

4942] 

49453 

4944 

4945 


6893414 
6899301 1 
6900188; 

6991074' 
6901 961 i 


4946J3 
4947]  5 
4948b 
49493 
4950'.3. 


6929350 
6930251 
6951111; 
6951991' 
6952872 
6955752 
6954651 
.6955511 
.6956590 
6937269 
.6938149 
.6983027. 
6  59906 
6940785 
6941663 
634842541 
6948419 
6944207 
6945174 
0;  :■'.  '52 


497  6j  3. 69  68  80  4 
'4977  3.6969676 
;4978'3  6970549 
497913.6971421 
'4980)3.697229: 
4981:3  6373165 
4982:3.6974037 
4983'3.6974309 
4984  8.6975780 
4935  3  6976652 

49868.6977525 

4987  3.6978594 

4988  5.6979264 

4989  3 6980135 
4990 8  6981005 


4991  8 

4992  3 
49933 
49945 
4995|3 
4996 
499? 
4998 

5O0C 


69818? 6 

6382746 

6983616 

6984485] 

■6985555J 

6086224! 

.6987095' 

.69879631 

,6988831 

6889700! 


ARITIlMETlCIC, 


I 


J',UJ 

5002 
500 
500 
5005 

5006 

50or 

5008 

>oos 


Lo£. 


5.0990569 
569914.17 
5.6992505 
5 6995175 
6994041 

3.6994905 
3.6995776 
543995545 
> 6997540 


5010|3.6998377 


jOli'. 


Lu 


^1. 

(051   *.7033774|j5l01 3.70765531.  I    i  '- ■-.  118915 
5052;5.7034633|::5102  3.7077*5)5  515  J  8.711!  7 
5053;3.7035498  J5103  3.7  )7  Q5&  5153  3.7120601 
5054J3.7036352  5104  3.7079 If        I      [3.7121444 
5055137037212    ' 


i.otr.  |.No.|  L<  g, 


50565.7058071 
50573.7038930 
50583,7039788 

50593.7040647 


5060  3.70  11 505 
5011|3^999244!5061j3.7042263 

5012J5. 7000111,5062  5.7045221 

.700O977J-5063J3.70 
5014&7001843  5C84!8.7044P37 


5201  6  i  lo05t>9 
. 101703 

5  7163373 
|H05  3:7079957  [51     '  1 64207 

5106 3.7080808-  51  J6'8  71 -'51.::  [5206  4  7166042 
;6107  3.70215  "15207  3  7165876 

5108'3.7082509  53     I      >08  3.71667.10 
[51093.7083        :.7 125055 
5110  3.7084209  5160  5  7126497 


50153.7002709 
501&3.7003575 
5017J3.7004441 

5018,3  7005307 
50193.7006172 
50  J0.3.7007037 


5065  3.7045794 

5066J3 .7046653 

5057 
5068 
5069 


5021:3.7007902 

502  2  5.7008762 
5025,5.7009632 
5024;3. 7010496 
5025  3.7011361 


502613.7012225 
5027i3.7013089 

5028  3.7013953 

50293.7014816 

15030  3.7015680J 


3.7047509 
3.7043365 
3.7049223 
5070-3.7050080 


5071(5.7050956 
507213.7051792 
5073-3.7052649 

5074  3.7053505 

5075  3.7054560 


j0/O|5. 7055216 
5077\3.7056072 
507813.7056927 
50793.7057782 
50803.7053637 


503 1J3.7016543  5081 13.705949.2 
•032  3  7017406 [5083:3.7060342 
50333.7018269 15083'3.7061201 
5034  3.7019132|]5084l3  7062055 
5035 


51113.7085059 
51123.7085908 


5209  3.7167544 

5210  37168377 


5161  3./  la?;sj9  >i  il     ,  icy211 
ill        TV  12  3:7170044 


51133.708  \758\5h  5:'  151    21  5213  8.7  ; 

51143.7087607  5164;3.7129862  \521  . 
5115'3.70S84.)6  \S\&5  3  7l30703ji5215  3  717254: 


511613.708^305 1516,6  5  /151544  5^16  3.71i  3376 
51 1713.7090154.  5167J3.7132385  -5217  5  7174208 
511S!8.7:.  ;003  J5168  3  7185225  5218  3  ,575041 
5U9i3.7091851  51693.7134065  5219  5.7175873 
5120'3.70927QQ;I51703,.7134905|!5320  3,7176705; 
7U93548  5171 


5121 


L55745 


5122  3  709 i 596  '5 172  3.7156585 
5125  3  7095244  5173  37 137425 
5124'3,7096091 
512537096  . 

51263  7097786 
5127;3.7098633 

5128  3  7099480 

5129  3.710032, 

5130  3.7101174 
51315.7102020 


5221  35  I?  7  5J7 

5222  3.7178569 

5223  3  7179200 

5224  8.7180032 


5174  3.7138264 

51 75  3  7139104  J5225  3.7180863 


5176  5  7  139943  ,'5226  3./181694 

5227  3.7182525 

5228  3.7183356 
5329  3  7184186, 

5230  8  7  185017 


5177  8.71407  82 

5178  3  7141620 

5179  8.7142459 
5130  3  7145258 


^181  3.7 1441 36|.*5231  3/185847 

51323.7102366  5182  8  7 144974||5232  3  7186677 
5133  3.7103713 
5154  3.7104559 


51363  7106259 


>035  3.7019995|j5085;3.7062910  1-5135  3  7105404 

5036)3.7020857  !5086I3.7063764  ~ 
5027 ■3.7021720|  5087  3. 70646 17 
5058  3  7022582!  5088-8.7065471 
"0234441  50893  70GCY325 
50403  7024305  5090  8.7067178 


5183  3  7145812  '52  3 i 8  7187507 

5184  3.7144665  H5234  87188337 

5185  3  714-488  !5285  8  71S91(\7 


5186  o./ 148525,'!5236  5./  159996 


5137  3.7107096  i5187i3.7149162  5237  3.7190826 

5138  3  7107941!  5188  '8.7l5(;000i:5238' 3.7191655 

5139  3.7KZ71&  5189J3.7150837  I5239I 3.7192444 


50  !1  3  70251671  5091  3  70.  8031 
[50423.7026028  5092  3  7068834 
5043  5.7026890!  5093'3.70C9757 
504437027751  5094!3.7i 
•5045  3  7028612  5095J3.7I 


5046%:  029472.  ^:>vS3  . 


514135  110476j5l9l;3  7152510  :5241  8  4124142 
5142  3.tj  11321 15192  3  7153347J  5242  3.7194970 
5143.3-7112165 15193  3  7154183 j  5243! 3.7 1957 99 
51443,7113010  5194  3  715501*  P196627  \ 

5145  ="115554  51958.715585c  5245j 3.71 97455 


150473:  •  50333!  5G97j3  7073l46.|5147  3  7115542  519 
'5048:3.7031193'  5093  3.7073998  -5148  8  7 116385  5198 
'5049  3  70320.  29"  5199 

5050  3  7032914I5V.     !      757  118073:5200 


5'U63  711/4698  5196  3*7156691|f5246i8./  19b283 


":  V,  52 
591    ■' 


1 52471 3  7199111 
.-199938 
!5249J  3  7200766 


3.7160033 15250'3.7201593 


LOGAHITHMICK 


Mo.l     I. 


I|N< 


Lofc.    ,|No./    Lot;     INo.l    Loff.    lNo. 


5303  37245216j;535S 

5304  37246035 '5354 


S251j372024i.'0  5301  3.7243578*15351 
5252  3.7203247J  5302  3.7244397||5352 
S253!3  7204074 

5254  3  7201901 

5255  3.7205727  5305  3.724685  !-'  .5355 
ilJo  3.7206554  S5306  3.7247672)  5356 
>257;3.7207330.5307  3  7248491 J5357 
r>256  37203206  5308  3.7249309  5358 
5259  37209032  |5309  57250127;  5359 
>260  3.7209857,5310  37250945  5360 


37288406.5  W0 
37289216  5407 
37290027  5408 
37290638'5409 
37291648  5410 

5261  3.7210683  k>311  3  7251763]  5361  37292458 5411 

5262  3.7211508  5312  37252581  5362  3.7293268  5412 

5263  3  721239415313  3.7253398  5353  37294078  5413 
526',  3  7216159  '531 1-  3.7254216]  5364.|3729488S'5414 
5265  3.7213984 


3.728+550  5401  \3  7324743  5451  3  7564762 


5  7285161  5402 
3.7285972  5403 
37286784  5404 
3728759515405 


3.7325546II5452J37365558 
37326350  545337366355 
37327155  5454  37367151 
$7327957  J5455  37367948 
7.7328760  |o456|37368744 
37329564  5457  3  73695401 
37330367  5458  3.7370355 
3.7551170!  5459  3.7  >71152i 
37331975*546037371926 


5266  3.7214809 


5315  3  7255033  5365  13  7295697.541, 

5316  £7255850  5306  137296507,541613.7  336787 


3.7352775,  5461  6.7312722 
37333578  5462  37373517 
3  7334380|  5463137374512 
37335183!  5464  37375107 
3  7335985  5465  3.7375902 


■5267 '37215633 |i5317  37256667;  5367  15.7297316  5417  37337588 
'5253  37216455|,5318  37257483;  5368  |3  7298125  5418  373583901 
\SQ69  37217282  5319  37258300;  5369  :37298934'5419  37339192; 
(5270  37218106  |5320  37259116,  5370  3  7299743  5420  37339993 


5271  37218930 

5272  3  7219754 

5273  37220578 
527437221401 
5275  3  7222225 


532137259953 


>371  137300552  5421 


5322  3  7260749  5372  37301360  5422 

5323  37261565  5373  37302168  5428 

5324  37262380  5374  3.7302977  5424 
5325137263196  '5375  37303785  5425 


5326  37264012  •5376 
5327,37254827  5377 
532837265642  5378 


37504593  5420 

37305400  5427 

7306208  5428 

5429 


37340794 

37341595 
373423961 
37343197 
37343997 


546637376696 

5467373:7491: 
54683737828a 

5469  37379079; 

5470  3  73798731 


5471 
5472 
5473 
5474 
5475 


5276  37223048 
5277;37223871 
5278137224694 
[5279  37225517 

5280'|3_7226339 

52813.7221162 

5282137227934 
5283J37228806 
5284 3 7229628! 
52.85i37230450 
52o6:37231272  5336.57272158'  53861, 8.73 1266313436 
5287  37232093  5337|37272972-  5387  3  7313470  5437 
! 5383137232914  533837273786  5388 1 373 14276 5438 
f52S9K37233736  5339  37274599  5389  3731508215439 
5290137234557  5340J37275413  5390  37315888  5440 


37344798:' 5476 
37345598  5477 
3734639SJ5478 
37347193 '5479 


37380667 

3  73818611 
37382254 
3.7383048 
37383841 
37384634 
37385427 
3  73S5220 
37387013 
3.7387806 


5329I37266457I  5379  37307015 

5330; 37267272;  5380  ;3  7307823 

5331  37268087J  5381';37o08630 

5332137268901' 5382'! 37309437 

5333|37269916j  5383H37310244  5433(3  7350397;|5483!37390182 

533437270530  5,384}  3.7311051  54343 7351196 154843.7390974 

533513.72713441  53851(3  7311857  5435137351995  54853  7391766 


543013734799815430 

5431 '373487  98  5481137388598 

432(37349598  J5482  37389390 


37352794 
37353593 
37354392 
3  7355191 
3  7355989 


5486!  37392558 

5487537393350 

5488  3  7394141; 

5489  37394932 

5490  3  7595723! 


529i|37235378  5341137276226  5391  3.7316693  5441137356787  5491  37396514 
5292J3  7256198  j5342! 3  72770391  5392  37317499  5442  3  7357585  !5492J37397305 
5293;3.72370i9j5843t37277852|  5393  37518304  5443  3  7358383  5493  37398096 

37319109  5444  37359181  54943.7398887 


294137237839.  5344137278664.  5394  3.73K 
295!37238660  5345|3  72794771  5395  373  K 


:5|3 

5296 -8. 7289480  !5o46j8.728029o! 

5297  3  7240500  5347  37281102; 

5298  37241120  5348  37281914 

5299  37241939  5349  37282726: 

5300  3  7242759  53501 37283533 


199145445137359979 


53.  ~399677* 
5396  3.73207 19[544o 373607 7t ;lo4l }6|374O0467 
'397,  37321524  5447137361574  5497j37401257 


5398  37332329544313  7362371 
5399,  3732313S  5449I3736316S 
5400  373239381 54 503736396 


5498  37402047 

5499  3740283/ 
1 550(73740363* 


ARITHMETICS 


229 


Lop:- 


No.  | 
«550i'374044l6 
5502  3.7405206 
55030.7405995 
5504  3  7406784 
*5505!37407573 
550637408302 
5507  3  7409151 
.55083.7409939 
5509  3.7410728 
155103  7411516 
155113.741230 
i5512!3741309 


No..    L< 


iN 


o.i 


L 


ojr. 


5551  3.7443712,!5601  3.?4»2656 

5552  3.7444495fl5602  3.7483431, 

5553  3.7445277!  5603  3.7484206 

5554  3.7446059  '5604  3.7484886 

5555  3  7446841;5605  3  7485756 
o556  3.7447622,5606  3. 748053 1 
5557  37448404;!5607;3.7487306 
5553  3.7449185;  5608  3.7488080 
5559  3.7449907!  5609;3  7488854 


N< 


5651  .. "521253   o701'3.7oj^510 


Log.    ||No.|    Loe. 


565237522022 
5653  3.7522791' 
5654J37523558 
524326 


5655137 

o656ij./ 


5702  3.7560272 
5703|3  7561034 
5704J3.7561795 
5705^3.7562556 


>i!j094  J5/06J3.7563318 
565713.7525862 '5707  3.7564079 

5658  [3.7526629  j'5708'3.7564840 

5659  3.75273971:5709  3.7565600 
560  3.7450743;  5610  3.7489609 '5660J3  7528164  :5710  3.7566361 


4  |o561  3.74515291  5611  3.7490403  \5661  °-'  ^<*y52j|57l 1)37567122 

2  \5562  3  7452310:  5612J3.7491177  56t3-  3.7529699  !5712'3  7567882. 
5513'3  7413880  ■556,']  3.7453091  5613  37491950  |5663 
5514'3.7414668  5564  3.74538711 5614  3  7492724  '5664 


5515  j.7415455  5565  3  7454652 

5516  3.7416243  '5566  3.7455432 

5517  3.7417030  j  5567  3.745621 

5518  3.7417817J556 


5615  3.7493498  56,6j 
56i6o  ^4y427l  5t5G6 


5617;3  7495044' 566r 
.  3.7456992]  5618  3  7495817,  5668 
j519  3.7418604^5569  3.7457772  5619|3.7496590;5669 
5520  3  7^1 9391  "15570  374585521 5626  3.7497363!  5670 


57530466 

3.7531232 
3.7531999 
37532766 
37533532 


55^13.7420177  15571  37459332  5621 
5522J.7420964  J5572  3746011  ll5622 

5523  37421750  i5573  3.7460890  J5623 

5524  3  7422537  ''5574  3.746167Q  5624 

5525  37423323  '5575  3.7462449=5625 
5526-3.7424109 15576  3.7463228  iob20 
5527'37424395,l5577  3  74640061  5627 
552S'3  742£680|!5578  37464785 5628 
5529  3  7426462!'5579  3.746:564'!  5629 
553037427251  5580  37466342  5630 
5531  8.7428037  15581  37467120  5631 

5582  37467898;  5632 

5583  37468676'  5635 


15532  37428822 
5533  3.7429607 
5534;3.7430392l!5584  3.7469454  5634 


5536  3  743l96li  5586  37471009  5636 


553737432745 
5538  37433530 


554037435098 


5587  37471787!  5637 

5588  37472564  5638 


o.("iy^l8o:  °°71 
3.74989081  5672 
3.74i  968ll'5673 
37500453!  5674 
7501225 yS675 
37501997J  00..  6" 
37502769  [5677 
3.7503541  p678 
37504312};5679  3  7542719 
.37505084 : '5680 
3.7505855  5681 
37506626  5682 
3  7507398'  5683 
£7408168:5684 


3754348: 
3.754424} 


5713:37568642 
5714'37569402 
57lSi3.7570162 
5716,  j.?  570922 
571737571682 
5718  3.7572442 
571937573201 
5720J3  2575960 


o7*l 
5722 
5793 


*5724 


o.t  D747 19 

37575479 

37576237 

37576996 

5725  3.7577755 

57260.7573513 

5727  37579272 

572837580030 

5729  37580788 

5730 3 7581546 

5731J.;5i»2304 

3  7545012!  5732137583062 


3  7545777]  57333.7583819 

3  7546541  5734137584577 


5535'37431 176;  5585  37470232j:5635  3  7508939-1635  37547305!  57357375S5334 


55393.7434314  5589  3.747334!  5639 


5590  3  7474118  5640 


3  7509710  oc>b6 
37510480  5687 
37511251  5688 
5.7512021  5689 
3.7512791  '5690 


{5541  37435381'  559 1  3  7474895'  5641 


J5542  374366651,5592  37475672 
|5543  37437449r5593  37476448 

5544  37438232f  5.594  37477225 

5545  3.7439016  3595  3  7478001 
55463.7439799  55963.7478777 
15547357440532!  5597  37479553 
1.5548  3  74-41 365J'5598  37480329 
55493.7442147  5599  3  7481105 
'.5550  3  74429301  5600  ?.7481S80 


5642 
5643 
5644 
564.1 


oo4fc 
5647 
5648 
5549 
5650 


?.7513561  5691 
375143S/1  569^ 
J7515101  5693 
3.7515370  5694 
3.7 516639  5695 


3.7517409  5696. 
37518178  569} 
3751 8S47  Z69i 
37519716  5oPr 
3.7520484  570* 


0./--1  uf'9 
3.7548852 
3.7549596 
37550359 
37551123 
3.7551886 
37552649 
37553412 
3  7554175 
3  7554937 


3.7o55700 
37556462 
37557224 
3 7557987 
3.7558749 


0/06 


.->  /ooou91 
37586848 
3.758760: 
5739|37588362 
5740137589119 


07  0/ 

5738 


c74l;o./ obys75 
5742*3.759069° 

5742 


5744 
5745 
57461 
5747 
574  £ 


37591388 
37592144 
3759290G1 
3.7593650 
37594412 
1 3.75941 68 


■374913.7595923 
r5750'3759  637 


30 


LOGARITHMIC?: 


No.  L' 


j7.)1  ... 

0/563 
5757  3 

5760  3 
5761 3 

5762  3 

5783  3 
5764*3 
57653 

5766  ; 
576713 
57683 
5769J3 

57703 

577-  3 
5773  3 

57763 
57773 
5778P 


760045^ 

7601  J'5. 
760196: 

7608471 


5804  - 

5808. 

5810  5 
,  '  1 1  . 1 
76057 

76064€a5  I3i3 
76072 

7608746;  5816  5. 
7609500  5817  3. 
7610258  5818  3. 
7611005' 5819  8. 
7611758  5 


<1  !5 

.    7        ;  5903-3 

5905!3 
7658/  .-  j     i 

7640266 

7641014  5859  5  7678257 

7642509  adt>l!37679/i,        I  I 

. 
70117:  I 
7J545497  5865 


L.(j 


•.     . 


7646991 

7617737 
76-18484 
7649230 


,7612511'  5821  8 
7613265 
761401 f. 

ft  58243 
761552'. 
"61 6272J  5826  8 
S827!3 
T617775 
761S527  5829  3 
7619288 '5830 3 


I 
•7658722 
7651468 
7658814 
7652955 
7653705 
765445( 
7655195 
7655941 
765668( 


<5S6H 
;586^ 

,5S7l 


I 

i 

7  711468  5954  3 
7712199  I5955J3 

-  5957J3 
5  5958)3 
7715140  5959 

771734 
771807! 


7745899' 

I 


3  7688680!  591 
j  7  6.584,1 1  .     i< 
J763416ll  5917  57:21016 
3  768490H  5918'87721750 

..7.. 


7781734, 

'< 

775811-1 

■ 
775^379: 
7756104 


;768688]j5829'3 


5871  876871211  5< 

587a37688600!l5923l3 

413.7^89339 
5875J3.7690079  15    . 


59703 

1  Dy7lU 

7724684  \5972  3 
7725417 
7726150  '5974.8 
7726183  1597513 


7756832 
7757560] 
775 

''8777 
7759743 


i967!8. 


oo,  6|3  7690818  !5926|3.7727610  |5976!3.7 
58? 


"691557  |592 


*7S 
578, 
>784  3 

5787,  ;8 

578813 

'" 
57913 


5378  87692295  5 

5879  37693035  p 

5880  37693773  [5930J3 
7620030  5i*jl  37657430'j5$81l37694512 
.7620781  5832  8765817515882  3769.5. 

57621582  5S33  8.7658920!|5883  37695888  '5933'3 
7834  37659664:1588437696727  !5984'8 


5  J7623034 


5:-,35  3  7560409 


762453 

:']5£39o 
7626786 

5  627587,        : 
7628280  5843  3 
7629035 

7  62978; 

54  5745  5 


7-661  155 


7663387 
66412^ 


5885  37697465  5935|3 
5bbti  37698203  ,5956  3 


7728849i5977  8 
7729082  '5978  3. 
7729814  5979  8. 
7730547  5^80  3_ 
773~1279  uvbl^5. 
7732011  5982  3. 
7432748  5983  3. 
.7733475  : 5984  3. 
7734207  5985  3 


7754989  5986  3. 

-  -  7  37698940  J5037-3  7735670  \59S7  3. 

76526411' 5888  8  7696678  15988  8  7736402-15988  8. 

7737185 
7731  864  '5990  3. 


. 65487^ 

766633- 

766:  l;.-7 

i 


531284 

1 


I 
5 


j889  376004»15!59393 
5^0  3  7761153  5940 
>891  37701890 


?892  3,7. 
893l37703364 

-704101 
•   5  3.7704838 

5856  8  7  j  05575 

589S7  77 


5-741  3 
59423 
5948  3 
5944  3 
5345  3 
5946  3 
5847  8 
5  48  5. 

5950  3. 


7738595. 5991 d 

775982, 


77 6047 J 

7761198 
7761925 
776265J 
7763379 
7764106 
7764833 
7765559 
7766285 
767017 
776778 f 
7768464 
7769190 
7769916 
7770641 
7771367 
? 

7772818 
7773547 
7774268 


7740057 
7740788 
7741519 

/-422'i  - 

7748710 
77451/  G 


Y-93  8 
.).•-  4  8 
5995  3 


/ 7749951 
7775718 

7777167J 
7777892! 


59963.*' 77 


000 


c77861t| 
777934(1 

7780065* 
778078(  I 
7781512- 


arithmetics: 


23f 


_1± 

6005 
6004 


600513  7/  85 150  60553.7821141  6105  5  78.:>b85. 


60UO  j5  .  .  J56  3  .  ojib59i  blOti  o  , 

605?  3.7822576  6107  3.78382]  ; 


1^782236 
44  78296; 

5 .778440? 


1  \T<  .1    Li>#. 


c05I|3.78l82ii  1  jblol  37854010 
605237818989  6102J3.7854722 
6j5o  3  7819707;  6103  3.7855434 
605413.3  820424J  6104|3.785614 

d  j  7 


'  r 


600813.;  ,  ^Jo2l;5  6108  34.  ■ 

788022'  605913.7834009  6109  3.7859701  _ 

745  6060:37824726  6110  3.78  0412  61603.7895807;  621 

1 II 


N«.| 


i-<>f 


:v 


|515l  3  "88945/  62olo.;  924617' 
6152257890163  6202  37925318. 
6153'S,7890869  620.)  3.7926018 
6154;3.7$91575  62043.792671$ 
61553789228116205  3  7927418 


6ij05  7894J986  62068.,  i    8118 
6157:3^893691  6207;3.7928817 

6158  3  78945971  6208  5./  929517 
■61593.78  5102  6799  3  7930217: 


60lljo./,:U'-i  u  |6061j3.78254*8  6111  \o.f 861125 
60123.7790190  6062  3.7826159'  61423.7861833 
6015l3.7790912'!eO65  3.78268/  6  61133.7862544 


,6161  3-7  8i  0519 
61623789721/ 
16163  8.789:922 


601413.7791634|  60643.7827592  6114  5  7863254,  61643.7898626 
6015J3.7792356H6065  3  7828308  ;6115|3.7863965  #165  3.1 


0016  3.7793078  6066J3.7829024  J6116j8.78t>4e75j}6i66;34 
6017:3  7795800  "-^-^  ™  ^-^', 
60 lb  5.77945 


00  '6067J3. 7829740- 61  l33.7865384JUl67  5.79o075f 
22  606813.7830459  6118  3-7866095  6168  5.7901444 


6019'3.7795243 
6020  3.7795965 


7831171  6119  3.7866804  !6169|3.7902148 
6070J3  7831887 J61208  7867514 16170:3791 


60713.7859602  6121  8.7b0b_24  ;0i71,-8.7i»03553 

6072  3.7833318  »122,J  ^6893^6172,3.7904355 

6073  3.7834033  6123  3.7869643H6173  3.7904963 

6074:5.7834748  :6124'5.7870552,i6174iS.790566C 
!6025  5.7799570  |6075j37835463  j6125|3.7871o61  !6ir5  5  7906370 
J6026  3.7800291 -'6076!. 


J6021  37796686 

;6022'3.7797407 
16025  5.7798129 
6024  5.7798850 


6211  3-7931615 

6212  o:  . 
621337933013 

6214  37, 

6215  3.7934411 


6216  O.79S5110 
6217.3.7935809 

6218  37936507 

6219  5..-  95;  906 

6220  3 :  ' 


6221  3.7 

6222  3.7939500 

6223  5.7959998! 

6224  5.7240696 
6225^3.7941394 


6027J3.780i012j6077 

16028  5.7801752  6078 
160295.7802455  6079 
16050  5.7805173  ]6080 


3.?  85617.8  6126  3.7871/ 1  PjElf'e  5.?  9070751  6226  54-  94*09 

5.7836892  6127;5.7872479;IgI77  5.79077761, 622715., 


091 
89 
5.7837607  6128  37873188|  6178,3.7908479  62283.7' 
3.7858522  6129l3.7875896;!6i79i3  7909182  16229  37944183 
J.7839036  !6130'5  7874605  i61803  7209885  67  V0  3.5 


60518.7805895 
6052  3.7804615 
50333. 7805533 


60813.7859750  :6131  3.787 5313, rolsl  o  791058} 
608237840464  '6152  37876021 1  6182  3  791129016232 
6083'3  7841178  6135  5.7876750  |5185  5.791 19:  3 


3.7  945577 


^)34!3.7806053  6084*3.7841892  613413  78774381 6184  3.7912695  J6234  3.7947668 

60355.7896775  6085  8.784:607  61553  787884tV6l 85  3.7915597 ;'6255|5.7: 


16036 3.7807492 16086.3  3  849819  61563.7878853  |6186  3.7  94  5  ^99  |r.95  9^./  s 
\6037  5.7 808212  6087(3.7844034  61  37  rj37.87956lj  6187  5  '.  S 

16083  3  .  99  3.7844745  6138  37880269JJ6188  3  7915505  9488  5  7950454 

6039'3.78O9670,6089[3 7845460  6139iS.788097€  6189<!37916205J6239!3.7951150 
60403.781031  7846173  [61 40  %\  1903  791  951246 


16041  5.7811088  icio.vJ  5.7846886  6141'3.7882391  6i9l  3791;  ov< 

16042  3.7811807|]6l  -  192*37918309 
6043|3.7812526  6<  I  .'5  8  7919911 
6044.3,7813245  60943./    *                      78845]  !  J6l  )4  3.71 


160^5 


.  95i 642 

.955258 

c3±3  37953<333 

6244r3,7954629 

i.78l5965!6095!5.  3,78852  24 


6046  3.7814631 

16047  5.781 5400 
004*5  7316118 
'6049 3 7819850 


60973.785116^ 

6598:5.7851874 


'852586 


6148378 

4149  3. 


60503.7817554  61 00 13.7853298"  51503. 


0i9b^.79211l4 
.792181/ 
792251 ( 

! 


.   966020 
•   .     r.7956715 

6249  5 : 

l 


S3» 


LOGARITHMICK 


i  No. I     Lo 


IN 


Log      [  vu.l     Log-. 


6301  3 

6302,3 

6303  3 
63043 
6305  3 


7^94095 16351 3 
79  r4784j63523 
799547o  63533 
7996162(6354 

7996851  635 J 


79b2$o,:  ,o50o8 
7963662*63073 

7964356-  6303  3 
7965040!  6309|3 
7965743,63103 


b0284<i i 
8029105 
8029/8y 
80304-72 
8031155 


7  9o6437j : 63  ii  5 
7957131  ;63U  3 
7967824r,6313'3 
7968517  6314!3 
7J692I1  (631513 


7969904 
79705974 

7971290, 
79719831 


7998238  63573 

7998917,  63 J M' 3 
7999605;  63593 

8000/ -4:  6>60j3 

8u009  >2|;63613 
800167 0,636 23 
8002358;'6363|3 
800304o  6364;3 
8  '  )3'7  ?>4.,6565'3 
80u-i4Jl  Oo6o3 
80051001 ,6367J3 
8005796^63683 
8006484l!63693 
8007171^6370!3 


D401  3 

6402  3 
6403|3 
64043 
6405[3 
6406  3 
6407K3 
6408  3 
640913 
6410:3 


806247:. 
806315' 
806383.' 
8064515 
8065191 


No.  I  Log. 


booobfey 
8066547 
8067225 
8067903 

8068580 


645 1  3 
,6452  3 
6453  5 
>454'3 
5455  3 
0456  ,j 

6457  3 

6458  3 

6459  3 
64603 


8035254  64ll;3  8069258164613 
8035937!  6412'3  8069935-6462  3 
8036619  ; 641 3 3  8070613  6463  3 
80373\J2  |6414'3  8071290  ,6464  3 
8037984 16415  3  8071()07  6465  3 


8090270 
8096944 

8097617 
8098290 
8098962' 
i 
t>000Jl8 
8100980 
8101653 
8102325 

"8102997 
8103669 
8L04342 
8105013 
8105685 


6_/i3 
6272  3 
62733 
«274'3 
62753 


7976829 
7977521 
7978213 
7978905 
7979596 

798*0288 
7930979 
7681671 
7982362 
7933053 


|6331|3 

63323 
6333  3 
6334|3 
6335J3 

"7983/44)  55363 
7984434J63373 

7935125  633S& 


80566oo  j64i6  3  8072644,6+663 
8039343  |611,  3  8073320  '64673 
8040030  6418:3  8073997  6468  3 
8040712' 64193  8074674:6469  3 
8041394,6420,3  8075350  6^.70o  8109043] 


8106357 

8107029! 
8107700? 
8103371' 


8007858.  6871  3 
8008545  :6372'3 
8009232.6375  3 
8009919l;6374,3 
8010605  \6375:3 


8042O76 
8042758' 
8043439 
8044121 
8044802 


8011292  16376  3 
8011978  6377J3 
8012665  6378,3 
8013351(63793 
8014037]  6380|3 

6381;3 

63823 
6383 


6421}3  8076027  64713 
6422;3  8076703  '64723 

6423  3  8077379  6473  3 

6424  3  8078055  64743 
64253  8078731  6475J3  8112398 


8109714: 
8110385| 
8111056! 


8111727 


6014723 
8915409 
8016095 


8045483/6426 
8046164  6427 
8046845 
8047526 
8048207 


7935816 
7986506 


6291  5 

62923 
6293  3 
9294  3 
'6295  3 


798/197 
798788/ 
7983577 
7989267 

7Q8895? 


799054 
799133 
79920 i 
7992/1 
7993405 


'6339\i 
'6340/ 


63413 
63423 
634313 

63443 
6345|3 

S346h 

634713 
63483 
63493 
635Q3 


8016781 I6384J3 
8017455  !6335i3 

80  18152  6386<3~ 
8018337j!6387J3 
8019522  !638S!3 
8020208'  6339J3 
8020393  639013 


b02l578 
8022262 
8022947 
8023032 

8024316 

8025001 
8025685 
8026369 
8027053 
8027737 


8048887, 
8049568 
8050248' 
8050929, 
8051609' 
8052289 1 
8052969; 
8053649 j 
8054329] 
8055009. 


•  ^ 


6429.3 
6430;3 


8079407  64763  8113068 
8080083,6477;3  8113739 
808075f!;64783  8114409 
8081434:6479k  8115080 
8082110  6480; 3  8115750 


6431', 

6432', 
6433', 
6434' 
6435 


6391 
'6392 
J6393 
6394 

•'6395 

'6396 
16397 
;639S 
;6399  > 
'64O0! 


6436:3 

|6437;3 
6438,3 
,6439  3 
]6440|3 
"605566*   64413 


b082785  :6481j3 
8083460' 16482-3 
8084185  64833 
8084811-648413 
8085485  6485^3 
8086160  :6486  3~ 
8086835  '6487  3 
8087510:6488  3 
8088184' 16489  3 
8088859  |6490  3 


81164201 
8117090' 
8117760J 
811843a 
8119100 


8119759 
8120439 
8121108 
8121778 

8122447 


8056368 
8057047 
8357726 


64423 
6443 '3 
6444  3 


8058405164453 


6446  3 


8089533 
8090207 
8090881 
8091555 
8092229 


8059035 
8059763 
8060442 
8061121 
8061800 


6447  3 

6448  3 

6449  3 

6450  3 


8092903, 
8093350 
8094250 
8094924 
8095597 


6491 
6492 
6493 
6494 
64>>5 
6496 
6497 
6498 
6499 
6500 


81231161 
8123785 
81244541 
8125123} 
8125792 
"8426460! 
8127129) 
81277971 
8128465* 
8129134 


ARITHMETICS 


23-3 


6503 

65)2 
6505 


,3.813113/ 
650413  813180.5 
6505|3  8132473 


65063.8133141' 

6507:3.8133303 
'65083  313417J 
6500  38 13.3  113 
6510  3  8135810 
63113.813^,  7i 

6512  3.8137144 

6513  3.8137811' 

6514  3.81384771 

6515  3  8.1391441 


No 


3.812JoOJ 
3  8130470 


o351 
6552 

6553 

655 

6555 


6556 

6557 
6558 


Loix- 


3.8163076 
3.8163759 
3.8164402 
3.8165064 
3.8155727 


6516  3.813981H 

6517  3.3140478 

6518  3.3141144 

6519  3.81418101 

65203.8142476 

6521  3.8143142 
65223.8143808 

6523  3.8144474 

6524  3.8145139 

6525  3.814580  5 


3.81663«& 

3.8167052 
3 8167714 
65593.8168376 
656o!3.8169038j 
6j"d13.81697UO 
6562  3  8170362 
6563'3.8171024 
6564  3.8171686 
6565',3.8172347 


6566  3  8173009 
656713.3173670 
6568  3.8174331 
6569^3.8174993 
657038175654 


6571!3  8176315]  6621 

5572^.81769751)662-2 
6573J3-3177636  (6623 

6574  3  81 78297  ;j6624| 
5575 3 5178958 J6625 


6326  3  8146471 

6527  3.8147136 

6528  3.8147801 
652'9  3.8148467 
65303  8149132 


8153120 
8153785 
8154449 
8155113 

81557771 


65313  8149797 

6532  3  8150462 

6533  3.8151127! 
653438151791 

6535  3,8152456 

6536  3 
6537j3 
6538,3, 
6539)3 
J654Q3. 
6541)3. 

165423. 
65433 
6.5441 3 
6545J3 
6546J.7 

6547  3 

6548  3 

6549  3 

6550  3 


8156441 
8157105^ 
8157769 
8158433; 
8159096 
8159769' 
8160423 
816108; 
8161750 
81624131 


Log 


6h51  3.322S869 
6652  3.82295:2 
6653'3,8230175 
6654|3-8230828 
66553.8231481 


l<"k- 


65763  81796181  6626 
6577,3.81 80278^627 

6578  3.818093916628 

6579  3.8181599  6629 
5580  3.8182259)6630 


65813  81829191 

6582  3  8183579, 

6583  3.8184239; 
5584  3  8184898 
6585  3  8185558 


6586  3.81862l7j 

6587  3.8186877! 
6538  3.8187536 
5589,3.3188195 

65903.3168854 


3.8209236 

3  8209892 

36210548 

8211203 

8211859 


3.8212514 
3.8213170 
3.8213825 
3.8214480 
3  8215135 


67 Ul  3.8261^61 

6702  3  82620444 

6703  3.8262692] 
670  ±3. 83633401 
6705  3  H2639881 

6656  3~8232133  6;<  06  j  o/U4635j 
6557I38282786:  6?  17  8  8265283 
6658  3.8233438  16708  5  82659311 
6659'3  8234G901  6709  3.826657SJ 
6660  3  3234742  1671 0  3.8267225 


6661  3  82o5894! 

6662  3  8236046! 

6663  3  8236698! 

6664  3.8237350J 
C655 3 8238002 


6666  3. 

6667  3 

6668  3. 

6669  3. 

6670  3 

6671  3 

6672  3 
6674  3 

6674  3 

6675  3 


3238653; 
8239305J 
82399561 
8240607 
8241253 


07113  8267872) 
6712  3.8263519J 
67133.8269166J 
67143.8269813 
671 5;3  8270460 
67163.8271107 

6717  38271753 

6718  3.8272400 
6719,3.8273046 
67203.8273693 


8241909 
8242560 
8243211J 
8243862 
8244513 


6676  3.8245163 

6677  3.8245814 

6678  3  3246464 
6679S.8247H4 
6680  3.8247765 


67  21*3  S2  74589, 
6722!3.8274985l 
67233.8275631 
6724'3.3276277 
6725' 38276923 
6726  3  8277569 
6727J3.8278214 
6728  3.8278860 
6729;3.8279505 
6730i3.828095i 


65313  8215790  66813.8248415  6781 
6632  3  8216445  6682  3.8249065  6732 
663313.8217100  6683.3.8249715  6733 

6634  38217755  6684  3  8250364  j  6734 

6635  3.8218409  ,6685  3.8251014  '6735 


6636 
6637 
6538 
6639 
6640 


3.82807  69 
3.82814411 
3  8282086 

3.8282731 
3  8283736 


8219064 
8219718 
8220372 
8221027 
.8221681 


•55913  8189513  6641  8. 

5592  38190172  6642;3. 

5593  3.8190831  6643jS 
i.594  3.8 191489:  6644|3 
5595,5  8192148  6645J3, 

5596;3.8192806|  6646f~ 
5597  "  Rio'i/tfi^lififiii? 


8222335 
822298? 
8223642 
8224296 
8224950 


5593 
5599 


3.8194123  {6548 

3.819478116649 

5600  3.8195439|i6650 


8225603 
8226257 
8226910 
3227563 
8228216 


6686  3 
6637  3 

6688  3 

6689  3 

6690  3 
66913" 
6692-3. 
6693  3. 
6694-1 3 
6595'3 


8251664  \6736\Z> 
8252313  ,673713 
8252963  ,6738!3 
8253612  |6739'3 
8254261  67403 

8254910  |6741i3 
8255559  6742J3 


,82840211 
.8284665! 
82853101 
8285955 
8286599 


82372-13. 
S287887J 


8256208.  6743'3.8288532j 
8256857i'6744  3.8289176j 
8257506  '67453  8589820, 


669613.8^58154  jb746  J  5290463; 
6697 1 3. 3258803  6747[3  8291 107 
6698  3.8259451  |6748  3.8291751 
6699:3.8260100  ,'6749  3.8292394; 
6700:3  8260743'!  6750  3  82038,r-0 


134 


LOGARITHMICK 


L(X 


l*°-i 


L 


6751  3  OJjoooi.  [6801  3i8325728 

6752  3.-  S02  3.8326366 
575  I  3  4294^67;  6803  3  83270Q>5 
$?54,3.82956li  163043.8327643 
6.  55i3.2'296254  ■6305  3.8328281 


J  b2yt>dyo(iw06l  3.832tf919 

:6.7,?'  3.8  2975391  6807  3  8329558 
■  : '3.8298183  6808  3  8330195 
>;3.8298824|  16809  3.8330833 
68103  8331471 


6i   i  H38299467J 


Si  ii 


L. 


-  j 57J40 
6852'3.8358174 
6853  3.8858807| 
68543.8359441 
6855;38360075' 
6b56  3.83/o,J/~08 
6857J38561341J 

6858  3  8861975 

6859  ,8362608 

6860  3.8353241 ' 


Loj?.      So. 


681 13.8332209 '6861 3.8363874 

6812  3  8333746  68623  8864507; 

6813J2.8333334IJ6363I3.S365U01 

'    .8365773 


(  ,  olj3.830ulu9 
67623.4300752 
67633.8301394] 

•  ,  .  ^3,8302036 1681413  8334021i:68e 
^76513.8302678  6815,5  8334659IJ6865 
Jo/oj 8  63 J85JJ  6816  3.3335296*6856 
6767|3  8803962  6817.J3.8335933 f  6867 
67683.8304604  J6818  5.88365. 
676913.-3305245  [6819{3.8337207 '6869 
6770;3,S3  5887  '6820  3.8337844JJ6870 
6771  3.88uojj8  [6821  5.838848j|l687i 
6772,3.8307169  6822  3  8339117  J6872 
67-3'3.330781l'  6828  3.833975416873 
6774  3.3308452  68243  8340390J  6874 


677513.8309093 


8366105 


69013.888.  120  6951 

6902  5.8889750)6952 

6903  8.85908" 

6904  3.8391008  16954 

6905  3.3391637  16955 

6906  3  8392266 J6956 
69073.83928  ; 
690tf  3.839352; 
6909  5.8394152. 16959 
69103.8394780;696Q 
6914  8  {i595409 J6961 


Loi 


3  3420473; 
3  8421098! 
3.8421722 
3  84223471 
3 8422971 


3.8367038 

3  8367670 
3.8868803 
j. 83  63935 
3  8369567: 


3.8570199, 

3.8570832 
5.8571465 
5.8372095 


6776  5.8-  (9734 
677713.8310375 

6778'3.8311016 
16779  3-8311656 

!  6780  5.8512297 


6825  5.854102/1  6875  5.8372727, 


68263.8341663 16876 
6827  3.8342299  6877 
6828;3.8342935  6878 
6829' 3.3343571 16879 


6330  3.8344207  6680  5.8375884 


5  3573359 
5.8875990 
3.8378622 

8.8875258 


6912  38596057' 

6913  5.8396666 
6914'3.8897294: 

6915  3  8397922 

6916  3.8398550 
69173.8399178 
69183.8399806 

6919  3.8400455 

6920  5.8401061 


6921,5.8401638 

6922  5  8102516 

6923  S.  8402  945 


6924  5.840554146974 


6781JS.8312957  16881  3.834*443>:688l!3. 8:376516 
6782,3.8313578  '6832  3.8345479  H6882  3  8377147 
6783!3.8314218  6385  3.8346114!  6883  3.3377778 
.6784  3.8314853  6834  5.35467501  L6884i8. 8378409 
J6785  5.8315499  ,6835  3.8347385  ;6885  3.8379039 

J078o  3.831613y  6836  3.8348021:  6886  3.837967O||6936j3.841109li|6986  '8.8442286 
i  3.831677S  j6837  5.<?348555!  6887|3.838030l|!6937l3.8411717H6987  |3  8442907 
167883  8317418,168 


6925  3.8404198 

6926  5*8404825 

6927  88405452 
6928i5  8406079 
2929  5  84436706 
6980  5  8407352 
6931"" 


696: 
6963 
6964 
6965 


09  6  o 
6967 
6968 
6969 
6970' 


6971 
6972 
6973 


69751 


3.8423596 
3  8424220. 
3.8424844 

3.8425463J 
8426092 


3.8426716 
3  8427340 
3.8457.964 

5.8458588 
3.8429211 


8  8422855 
5  8480458 
3.8431081 
3.8451705 
3 8 ; 32328 


.8407 

6982|3.8408586  ^6982 
5953,3.8409212:16985 
'6954.5  8410988  6984 
6935:3.34104  65i  6985 


3.84529ol 
5.8435574 
5  8454197 
5.8454819 
3.8435442 
6976IJ3.8436065 
6977^3.8436687 

6978  3.8437310 

6979  3.84379321 
698CH|3  8438554! 

59  16981  8.8489176.: 


8.8459798 
3.8440420 
3.8441042 
3844166* 


r^r 


375.<?348555l  6887j3.838030l!i6987ls.8411717:l6O87  3  84429C 
38  3.854929lk888'5.8380931  |'695S  5.8412343  16988  !5.34l35: 


8444150 
8444772 


5783  3  83 15058  6839  3.834S925:  088315  8381.552!  6389;5  8412969'!6989 
6790  3.8318698  :6840  3.8550561 !  6390 ;3-S382 1 92f: 694 0  5  8413595  ,6990 
n.  yi  3.831^53,'  J6341;3.835ll9.o  '6891  3.b3€2822Jj6941;3  8414220  6°91 
6722  3.8819277  68423.835183l|»6892^3  8383453  6942J3  8414846  6992  15.844601 

6893k3.8384083i  6943,3  8415472:  6995  5  844661: 


6793 
67Q4 


8320616,6843  3  6852465 
,0  8321255  188445.8353100 


•  5  3.8353735 

6846 


\ 

$23173 


.8354/ 


445393 

46014 
35 


6894 
6895 


5847  3  8355023  ,5827 
534S;8  8355638 

Vc     ; 

..  ..v-       .:..<;■■  .\.4  ..  \ 


3.8384713.  694413  8416397  6994  13  84  17256 
:3  8385343  |6Q45:3  8416723!  6995i';3 .84478/  J 


69961,5.8448493 


3.8336602  6947;5  841 1  973\  5097 
3  858  23216948  3841859* 
5.83878611  6949  3-841922 
5.8388491i6'950'3.8419S4 


3.8449119 
3.8449739] 
3.84503603 

8.8450980! 


ARITHMETICS. 


255 


HMo       Loe. 

i  ' ^» 

70013.8451001 

7002  3.8452221 

7003  3.8452841 

7004  3 3453461 
r005  3.8454081 

7006  3.845470T 
70073.8455321 
7008  3.3455941 

7000  3  3456561 
TO  10  3  4457180 

"0113" 
70123 
7013  3 
7014'3 
7015  3. 

70163 

70173 
7018|3 
70193, 

7020;8 


7021:3  84b399u 
7022:3  8464608 
70233.8465227 

7024)3.8465845 
7025!3.8466463 


8457800 
8458419 

8459038 
8459653 
8460277 
8460390 
8451515 
8462134 
8462752 
8463371 


Log.   N< 


L 


'•!;- 


705U3 
T052'3 
70533 
7054;3 
70553 
703&3 
7057 3 
7058'3 
70593 
7060!3 


3^84825071  71ul  3.85181^5 

8483123;  7:02  3.35138071 
8483739  71033.8514418 
8484355!  7104  3.8515030,' 
8 13 1-970'  7105  3.85 1 561 1 ' 


8435586 
8486201 
8486817 
8487432 
8488047 


70613.8488662 

7062!3.8489277 
7063!3. 8439892 
70643.3490507 
7065=3.8491122 


70J6  3. 
70273. 

7028I3. 

7029  3. 

7030  3 

7081  3 
7032  3 

70343. 

7035J3 


846-081 
S467700 
8468318J 
8468935J 
3469553} 


7066-3  8491736 
8492351 
8492965 
S493580 
8494194 


7068!; 

7069J3. 

7070)3. 


7071)8 
7072,3 
7073\3 
70743 
7075!3 


,b494808 
8495423 
8496037 
8496651 
8497264 


076  3.8497378 


6077 
7078 


"080 


84701711 
8470789 
8471406 
8472024 
8472641 


3.8498492 
3.8499106 


7079  3.8499719 


3.35003: 


7081  8.8500946 

7082  38501559 
708818.8502172 
|70S4r3  8502786 
7085*3.8503399 


7036 
7087 
7038 
7039|3. 
704013 
7041  is" 
7042)3. 
7043  B, 


8473258! 
8473876! 
8474493 
8475110 
8475727! 


708638504011 
7087!3.8504625 
7088:3.8505237 
7089;3. 8505850 
7090*3.  8506462 


7106  3, 

7107  3, 

7108  3. 

7109  3 
71103. 
71113. 
7112  3. 

7118  3 
71143. 
7115  3 
71163 
71173 
7118:3 

7119  3 

7120  3 


8516252 

8516868' 
8517474| 
8518085 
3518S96 


FiTi 

7152 
7153 
7154 
7155 


i. 


N  <  i  I 


o.b04o0%>6   7201'o 
3.8544275  -       >3 
8  8544882  7203*3 
88545 
3.85460S6,|7 


03/3^28 
8574531 

8575184 
8575737 
8576340 


8519807 
8519917 
8520528 
8521139 
8521749 


i  loo 

7187 
7158 
7159 

7160 


! 

I 
; 


8522859 
8522970, 
8523580 
8524190 
8524300 


71218 

7122  3 

7123  3 
71243 
7125  3 


8525410 
,3526020 
8526629 
8527239 
8527849 


?  126  3.8528458 

71273  8529063 
7128  3  8529677 
712§  3.853028- 


7101  o. 

7 1 6.}  8. 

n 

7164*3 

7165:8. 
7  loo'o. 
7167:3. 
7168b. 
3169  3. 
71703 


717413 
7175  3 


834973?    72H3  30i 
8550348  7212 3 8580557 
8550950  7213 3  8581156 
8551556  17214  3,3581761 
855?  162  7215  3.8582368 

I7216  3.85829B5 

I72I7I3  85835671 
"218  3.8584169} 
7219J3.8584770J 
72203,85853721 

/2213b^doy/6] 
7222,3.3586575i. 
7223.3.8587176! 
7224  3.8587777 
72253.8588379 


3552708; 

8553374 
85589  801 
8554586 
8555192 


717118.8555797; 
71 72!8  8556403 
7178J3.8557008 
8557614 
8558219 


1  i?Od.«558824 
7177  3  8-359429; 
7173  3  3560035' 
7179  8  8560640 


7130  3  8530895,' 71 80  3  3561244 

71318.8531504 

7132  3.8532118 

7133t'3.8532722 

31343  8533331 

7135  3.8533940 


t  181  3  6ool849 

7182  3.8562454 

7183  3.8563059 

7184  3  8563663 

7185  3.8564268 


7044 
7045 


7046  3 
704713, 
7048  3, 
70493. 

70503 


8476343,  7091  3 
3476900' 7092  3 
347757"!  7093  3 
8478193  7C94!8 
8478310.7095  3 

8479426  70963 
848,004*!  7097  3 
8480659!  7098  3 
8481275.  7099:3 
8481891;7100!3, 


7136  3.8584548  7186  3.8564872; 

7137  3  85351571  7187  3.8565476 
)|  71 88  3. 3  566081  j 

7139  3.8536374:7189  3.8566685 
1 40  3  8536932' 1 7190  3  8567289 
~  71913  8o67895 

7192  3  856784< 

7193  3  8569101 
,71943,8569704 
;7 1958. 8570308 

|n£o  3.8570912 
7197J3  8571515 

-1983  8572118 
7199,3.8572722 

7200!3  8573825 


,-  2'2b  3  b5bb9bU 
7227  3.858958* 
7228' 3  8590181 
7229  3  8590782 
7230*3  8591338 


7281  8  6j919ohi 

7232  3.8592588 

7233  3.8593135 
7234!3.359378 
7235,3  8594385 


7236  3.3594986 

7237,3.8595936 

7238  3.8596186 

7239  3.8596786 
240:3  8597386 


8540630 

3541288 

541845 

8542453 

8548060 


8uOU9b3 

8601588 
86021!  I 

860:781 
3503380  j 


ttt 


LOGAIUTIIMICK 


No. I     I. 


No.!    Loe. 


725113  86059/9  ;730l  3  8633823 

7252  3.860 1578,7302  3  8634418 

7253  3.8605177 1~303  3.8635013 
7254'3  8605776 17304  3  8655608 
7255  J  3606374  '7305  3.8636202 
725o  3~86069/5  ,7306  8.8636797 

8637391 
8637985 
8638530 
3639174 


7257  3.8607571  7307  3. 
7258' 3-8608170^7308  3. 

7259  3.8608768  17309  3. 

7260  3.8609366  7310  3. 


72613. 

7262  3. 

7263  3. 

7264  3. 

7265  3 
72oo  3. 

7267  3. 

7268  3. 

7269  3. 

7270  3. 


8609964 
8610562 
8611160 
8611758 
8612356 

8612954 
8613552 
8614149 
8614747 
8515344 


73113. 

17312  3. 

17313  3. 
7314  3. 
73153 
173163! 
;7317  3. 

7318  3. 

7319  3. 
''7320  3 


8639/68 
8640363 
8640956 
8641550 
8642143 


8642737 
8643331 
8643924 
8644517 
8645111 


72/1  3.8615941||7321  3.8645704 

7272  3  8616539-7322  3.8646297 

7273  3.8617136117323  3.8646890 

7274  3.8617733  |7324|3.8647483  . . 

7275  3  8618330|7325|3  8648076,  7375  3.8677620 


[No. |    Loir. 

7351!3.366546i 
7352  3  866405. , 
7353'3.8654646 
73545. 8635  23ti 
735513.8665827 


7356 3 866641/ 
7357,3  8667008 
7358,3.8667598 

7359  3.8668188 

7360  3  8668778 


No. |  Log.  I, No.  Log. 


7401  3.8692904 


7402 
7403 
7404 
7405 


74u6 
7407 
7408 
7409 
7410 


7361  3.8669568 

7362  3.8669958 

7363  3.86705-8 
73643.8671138 
7365  3  8671723 


7566  3.8672317 
7367*3.8672907 

7368  3  8673496 

7369  3  8674086 

7370  3  8674675 


73713.8675264 
73723.8675853 

7373  3.8676442. 

7374  3  8677031 


72/6  3.8618927;  7326:3.8648669 
7277  3.8619524  7327J3.8649262 


727813.8620121 

7279  3.8620717 

7280  3  8621314 


7281 
7282 
7283 
7284 
7285 


3.8621910 
3.8622507 
3.8623103 
38625699 
3.8624296 


7328|3.8649855 
732913.8650447 
733013.8651040 


7376  3.8678209 

7377  3.8678798 

7378  3.8679337 

7379  3.8679975 j 
73803.86805641 


7411 
7412 
7413 
7414 
7415 


3.8693491 
3.8694077 
3.8694664 


75013.8751X92 

7502  3.8751771 
7508  3.8752549 
7504  3,8752928 
750513.8753507 


8698?  68; 
86993541 
.8699940' 
.8700526 
8701112! 


75113, 
751213 
1751313 
7514J3 
1751513 


8756978 
8757556 
8758134 
8758712 
8759290 


7416 
7417 
7418 
7419 
742i)\ 


7421 
7422 
7423 
7424 
7425 


8.870169/ 
3 


8702283 
3.8702868 
3  8703454 
3.8704039 
3~8704624i 
3.8705210' 
3.8705794 
3.8706380' 
3  8706965 


7516 
7517 

7518 

7519 
7520 


7381,3.8081152 

7382  3.8681740] 

7383  3.8682329] 


7286.3.3624892 
7287 3 8665488 
7283  3.8626084 
7289  3.8626680 
7290;3  8627275 

72913"  8627871 

7292  3  8628467 

7293  3.8629063 
729413  8629658 
729513.8630253 

296,8.3630848 
72973  8631443 
7298  3  8632059 
17299 '3.S632634 
i7300'3.8638229 


.8651632 

8652225 

.8652817 

.8653409;  7384J  3.8682917 

.86540011  7385(3.8683505 

'.8654593  ~ 

.8655185 

8655777 

8656369 
:865696l 


7426j3.8/ 075491 

7427 

7428 

7429 

7430 


87C8134  752 


7521 
7522 
7528 
7524 
7525 


7526 


~3' 

7431 13 
743213 
74333 
7434^3 


8i  08719 
8709304 
3709888  75, 


528 


8710423 
8711057 
8711621 


38759868 
3  8760445 
3.8761023 
3.8761601 
3  8762178 


3.8762656 
3  8763333 
3.8763911 
3.8764488] 
3.8765065 


3.8765642 
3.8766219 
3  8766796 
7529|3.8767373 
3.8767950 


7551  3. 
75323. 


8712226!7534'3 

7435J3.8712810Ji753.5l3 


8768526 
S769103 
7533|3.8769680 
8770256 
87708 


7386'3.8684093 
7387!3.8684681 
7388;3.8685269j 
7389;3.86858571 
7890  3. 86864441  _ 
7391  3.8687032'  7491 


7436 
7437 
7438 
7439 
7440 


7492 
749313 

749413 


871339.4  7536  ?, 

8713978ilr537i3. 
8714562  |7o38 3 
8715i46||7539& 
,8715729  |754da 

7541;3. 
754213. 
7543!  3. 
7544,3 
75453, 


J.8657552 

Z  8658144  7392  3.&687620 
3  8658735'  7393; 3. 8688207 
3.8659327!  7394'3  8688794  ,« - 
3  8659948'  7395 '3.8689382  j7495i: 
3.8660509  7396  3.8689969  7496(3.8748296 
3.8661100  7397  3.8690556}  7497  3  8748375 
3  86616911  7398  3.8691 143'l7498'3.8749454 
3.866228 
3  866287 


877140S 

877198^ 
8772561 
877o\37 
8773713 

377428* 

8774365 

8775441 

87760 

8776592 


7546I3.S777168 

7547i?7,7  77743 
7.548:3  87783 1? 
8894 


8662283|7399;3.8691750,|7499;3.8750034  175498  877 
2873  74003  8692717750013  875061317550  3  877947C 


ARITHMETICS. 


237 


No 


Lo«c.    V 


No. |    Log. 
76013.880870? 


Loi 


551  3.878U045 
T552  3.8780620  760213  8809279 
".553  3  878 1  1  95  7603  3-8809850 
[75543  8781770|!7604J3.881042lH7654 

'655 


7652|3.883775G 
3.8838317 
3.8839885 
3.8839452 


v56:j  fcb^oOi: 


No. I    Log 
r70i'3.886547 
77G2|3.88C603 
770313.8866599 
7704J3  8867163 
770513  8867726 


00  jouI'O  _:■ 


7555 3.8782345  7605 388 19992 
;/556  3  87829 J D  7606J3.881 156;> 
75573.8783494  7607  3.88121 34J;7657|3  88405861  770713  8868854 
•7558  3.8784069!  76083.88127  0.V  7658P.8841154  ? 708(3  886!  11) 
[7559  S.8784643  7609  3.8813276..7659J3.8841721  77093.8,8.69980 
■7550  3.878521 8  '7610!3:8813847||7660|3  8842288J  7710  3.88..  0544 
17561 3.8785792,  7611  3.88144l7|i766l^.io425i)5|  7711J3"88:  119: 
7562  3.8786367f76l2|3.8814988 17662  3.88434211  7712J3.*  K  1 670 
17563  3  8786941*  F613  3.8815558  7663  3  8843988i  7713  3.S8722 


75643.8787515'  76141 3. 8816128  7664  3.8844555J  7714  3  887,.'?  96 
7565  3.8788089ii7615J3.8816699 17665,3  8815122:  77 15J3.8J  73  U >9 


9571  3.879lo32 '7621 
[7572  3.8792106  7622 
7573  3.8792680 ,7623 

7574:3 .8793253!  7624 

7575  3.8793826;'7625 

7576  3  8794400 

7577  3.8794973 

7578  3  8795546 

7579  3.8796119 

7580  3.8796692 


1 020 
7627 
7628 
7629 
„  7<?30 
7581  5.8/^/^b5  -7 631 


7582  3.8797838 

17583  3.8798411 

17584  3.8798983 
7585  3.8799556, 


7632 
7633 
7634 
7635 


No.!     Log- 


7566 3  S788663'i7'6l6 3.8817269  76e6,3.8845688i 7716pa8/  5. 
7567  3.878891 1  '7617  3.8817840  '766713,8845255  7717  3.8874485 
7598.8.87892371,7618  3.8818410  7668  3 8846821  1771 8 3.8875048 

7569  3.87903851  7619  3.8818980  <  669  3  8847387p7719  3.8875610 

7570  3  8790959!  76201 3.881^-' 0  :  767013  8847954  7720g  887617. 
5.8820120  ro/l3.88485"20'!?72lp88; 
3.8820G89  [7672  3.8849086 \7\  22 3  I  ■ 
3.8821559  767313.8849652  ;7723J3.^  877860 
3.8821829  7674:3.8850218  7724  3.8878423 
3.8822398.'|7675f3  8850784 17725J3-88789S5 
3.8822968, !'/  o,  o;o  oouliioO  '7726!^  8879541 
3.8823537j!7677i3.885l9l5  J7727  3.8880109 
3.8824107- 7678(3.8852481  '7728  3.8880671 
3.3824676, 7679  3.8853047;  7729  3.8881233 
3.8825245!;7680ii3.8853612  7730J3  8881795 
3.88258i5J|7681 3.88541178  (7731  3.8882357 
3.8826384  7682i3.8854743' 17732  3.88829^8 


3  8826958' 768318.8855308  17/83  3.888342C 
3.8827522J7  684(3  8855874*7734*3.8884042 
3.8828090t7685  3.8856439  77$&3  8! 


7751  3.bi  . .,.),  7 
7752'3.88941.18 
7753'3.8894698 
7754(3  8895258 
7755  3.8895818 
77060.7 

7757  3.8896938 

7758  3.8897'498 
7759:3  3898058 
7760J3.6898617 
776li3.8899177 
77628  8899736 

7  703  8  89002961 ' 
7764  3.8900855 
7765J3.8901415 
j  7ooj5.8901974 
77673.8902533 
77 C  8  3.8903092 
7769  3  8903651 
7770!3  8904210. 
7771  o"b9C4769 
777213  8905328 
7773  3. 890588T 
77743.8906443 
7775*3 -8907004 
7776^.^07  563 
7777!3  8908121 
777813.8908679 
77793.8909238 
778(T  ■  3909796 


75863.8800128  7636 

|7587  3.880070l:7637 
75$8  3.8801273J  763£ 

7589  3.880184617639 

7590  3.8802418!  ,7640 

17591  3  8892990' 7o-n 
7592  3.8803562|;7642 
(7593  5.8804184i  7642 
[7594  3.8804706  7644 
75953.8805278(7643 

7596  3.8805850ll7  046 

7597  3  8806421;  17647 
F598  3  8806993:  7648. 
=7599  3  8807564  7649 
7600 3 8808136 '7650 


3.8828659.;/  o»6J3.8857004  \7fub  <5-i 

3.8829228  ;768?|3.8857569";7737 
8.8829797:  768813.8858184  7738 
8830365<:76>)9i5. 88586' 


i.8830934 
>.8831502 


/  Us  i 

98232070  7692 
3.8832639.J7693 
8.8883207  7694 


7739 

76-;pj8  8859289  7/40 
5.8850828  7741 


8.8800393  7742 
3.8860957  77^ 
3.886J528  7744 
3.8833775  (7695  3.8862086  774*T 
$83434;* f7696|3.8862o5l  iTYie>\2<se*V/i5.779t  ...        '18 
3.8863215  774713.8891336  7787^3  89192751 


7781.^  0,-554 
7782!3.8910912 
7788  3.8911470 
77i  -3  8912028 
7785*3  8912566 
/ ;  86  ^.fc  *ll 


(1051  /  •  ao  ->c  'iol44 
3.8885726!  7787:3.8913702 
5  8886287  (  7788!3.8914259 
3  8886848!  7789.3.8914817 
3.8887410  7790  3  w  15375 
3.88879711  7791  ;5.^1 
3.38885 


Mi 

12'  7792:3  8910489 


3.8834911  1769 

8.8335479  7 .V  8 
3.8836047  J7  699 

3.8336614  7700 

31 


3.8^88093:7793'3.8917047 
3  8889653  77943.891-094 
214; 7795         I    161 

"~  779f 


,.     637  '■ 
3.8864907 


7748^.8891896  779:; 
7749  8.8892457  7799 
7750'3.88930171  7800 


3  8919822; 

3.8920289; 
3.8920246 


258 


LOGAUITHMlCk 


No      Loi 

fl  j\  3 

Too,'-:  3 
;  3   . 

7805;5 

rsiois 

■8113 

7812  5 
I 

i  ■' 

;•:-••  -J 

78183 

.   1.  > 

7820  3. 
"821  'J 
7822:3. 

<  <V>J3  j' 

78253 
78263! 
7827  3. 
'828  3, 
7829" 
7_S80  3, 

7HS1'3. 
7832  3 

'333  3 
f"834  3 
7835  3_ 
78363 
78373 
7S38  3. 
59  3. 
"840  3. 

'842  3 
7848  3, 
"844  3, 

7845  3 

7846  3 
"847  3 
'8483 
r8493 
7850  8 


L< 


8932059 
.892661$ 
89331731 


78553 

i 

7857  8 

7858  3 

7859  8 

7880  3 


No.i  L 


• 
.0925300 

8926510 

.  o61  3 
.8927622  7862  3 
.8928178  7863 3 

"864  3 
8929291 

^892l?8<46|  7866  J 
8930401K867  3 


8949250  7901|3.8<  i 
894980 

I  >6  710813.8977920 
3950909  79043.8978469 


8930957 

39815121 

8  133178 

8933?2Z\ 
8934288; 
3934843' 

8935398 

8936508 
8937063 


■8937518 


7363  j 

7870  3 
78713 

7872  3 
873  3 

7874  8 

7875  : 
o/  6  3 
877  3 

7878  5 

7879  3 


'  •       Log.      LIVo. 

7951  :.'  04218  8001  £.90314431 

7952  8.900478  I  8002'3  9031985 
3  9005310  800S;S.90S2     - 

1-3.9005856  8004'3.9033071 
8951482  79J -  spy 9033613 

89520J5  7906 3.8979578  17956 379C 
.8952568, 790713.8980317  7957  \ 
8953120; 7908  3.8980667  7958  3.9* 
.8953673  7909  3  81:81216  795  5  |8009'3.9< 

8954225  79W38!      '  H  J8Q1Q-3.90 

8954778  79;.  |  1  8 500^0 

0055300  7!  1    3,8982!  63  7962.3  < 

8955883  79133.8983412 "7!  13-3.90379511 

8956435  79143.8983960  7.-  .18. 9038498 

7;7915:5  8l\  '      .    :.     ■     ■ 

165.8985058  7    i  "89577' 

8958092  985606  796;        1  17  39040119 


8558844'  7918  8.89861 55  |7968|3.90 13493  18018  3.9040661 

9041202 


i  19:3.9041202 

59?88;  7820,5  8v;-?252  7970;3.90145S3 '8020  3: 


89 

►299 
.8960851 

8961403 
.8  61954 

8962506 
8963057 
8968603 


921(5.8987800 

922:3.85883-,  15c78 '8022:5.2^ 


79: 
7925 
79  24 

7925 

7926 
792? 


3.8988897j  7973  5.9016218  '8028  3.< 


;.S98944 


.9016762  '8024  5  90439091 


641(  8  7928  3.8°516  16  7  '  1  018940 
8964?11|  7929i5.8992184M7979  5.9019485 
7880  3896526_2|(7936p.8992732|  17980,5.9020029 
7331  5.80658i5;;795l!3.8995279|j7y8l  '5.9020573 
78:,2  3.8866  ;n-4|17932'8.39038^7,'r982  5.9021 1 17 
7883  3.8956915:!7155!8  88-4375  !7983  5.9021661 


3933172 
.  82 3872- 
.8939281 

89598561^834  3.8967466!i7954|8]8994922i  79845.9022205 


7885  3 
78d6  o 
78873 

7889  3 


8940944 

3341498 
3942053 
■3942c:  - 
8943163  ■ 
.8943715H7891 3 

."898  8 
5  i 
>  4595 

.8946582 

.82-,  708  7 

7S   { 

8944697 


8968017 
8968568 
8969118 
8952669 

8970228 
8970770 


8971320 

85718"] 
8972421 


8875521 
8574971 
8974621 
3975171 


7935J3.8995469II7985 5  9022749 


8028  3.9046074 

.046615 

8030139047155 


40318.^047696 
80323.9048237 

808.]  2.9048778 
8034 '3.9049318 
8035  3.9049859 


7936'3.89960 17  79863.9023293  iouS6  3.9050595 
7957,;5  8996564  798713.9023837  8857  59050940 


7<933t3  8997111  7988!3.9024381 
79595  899765S  7989  5.9024924' 
7940  5  8998205  7990 5  2025468 


8053  5.9051480 

8039  5.9052020 

88052560 

bu4i '5.9055 101 


8998752  7991J3.9026011 

7542,8.S999299i|7992  3.9026555  j6042  3.9053641 
7943'3.8999846  7993J3.9027098  J8043  5.5C54181 
79^4  3.9G098921  7994:3.9027641  8044  30^i)5  .721 


7894  J 

7895  3 
<;826  3 
78973 

7898  3 

7899  3 

7900  3.8976271  ."  950  5.9003671i!70005.9050900 


7945  o.9Q'J0939,;7  995  3J9028185 

7946  3.9001486  7996|3.9028i  28 

9002032;  799713.9028271 


79i7, 


948  3  9002579;  7998!5.9029S14 
949.3.9003125  79993.905  J57 


8045 
8046  i 


.9055260; 
.5055800' 


8047  5.9056340 

8048  3.9056880 
0  2.5.2057419 

8050  3.90579551 


AKITHMETICK 


239 


No. 


80513.90584^8 
180523.9 
8053I3.9059577 
8054 

8055 
8050 
8057 
8058 

8060 


No.|    Log. 


3.9060116 

■jlio&iiyo 

3 9061734 
3.9062273 
3.9062812 

3.9063550 


3.9063889 
3.9064428 

39064967 
3.9065505 
3.9066044 
8065I3.90O6582 


8101  3.9085386 
81023.9 

9086458 


8105 
8lTjo 
8107 
8108 
810 


1.9086994 

3.9037530 


Np.l  1. 


3 

811113 

8112  3. 


9088060 
9088602' 
90891371 
9089673 

9090209, 


81al  3.9112109 

'113174 
81543.9113707' 

8156  3. 
8157|3    - 
8158|3.9115837 
8159319116369 

8160  3  1 


No.j 


SkM     U 


820l'3.91  251-3.9165066 

8202  3  9139198  [8252J3.91 65592 
82033.91397  -16611 

8204  3.9140257  8254  3.9166645 
820539140786  8255 3 9167171 


82063^9141315  82563.9167697 
3207 39141844  8257|s.9168S23 
82083.9142373  8258l3.91 
8209  3.9142903  8259J3.9169275 
8210 3.9143432r8260 3.!  I 


82113. 

18212  3 
j  8213  3. 


.9143901 

9144489 
.914501c. 
j',8214  3.9145547 
8215  3.9146076 


3067 
8058 
8069 
8070 


[807. 
3074 


3  9067121 
3 .9067659 
3.9068197 
3.9068735 


3.9069273 
3.9069812 
3  9070350 
3.9070887 


8075  3 9071425 


81163  9093420 

8117  3.9093955 

8118!3  90944901 

3119!3.9095025, 

.-095560! 


8170 


3.9120094 
3.9120626 
3.9121157 
3  9121689 
3.9122221 


8121; 

31221: 
81231 

8124|. 
8125'. 


8076  3.9071963 


8077 
8078 
i079 


3.9072501 
39073038 
3.9073576 


8080J3.9074114 


812b:, 
8127|. 
81281. 
8129!. 
8130:, 


H08U3.9074651 
8082  3.9075188 
80833.9075726 
S084  3.9076263 
80S5  3.9076801 


8086 

£087 
8088 
18039 
8090 


3.907 7 337 
3.9077874 
3.9078411 
3.9078948 
3  9079485 


J817131 
81723 
8173J3. 
8174'3. 

'8175:3; 

8176i3 

!8177|3. 
81783. 
!8179|3. 

"8180:3 


8221 
8222 
8223 

3224 

8225 


8.9149246 

3.9149775 
8  9150303 
3-9150831 
39151359 


9 1254091 1 8226, 
9125940  8227', 


9126471 '8228 
9127002;!  8229 
9127533  8230 


8091 3;9080022 

J8092  3.9080559, 


809. 

8094 

8095 


8096 

809 
8098 
rJ99 


3.9081095 
3.9081632' 
3.9082169 


8144  3 
81453 

81463 

8147!3 

8148  8 

1814913 

SlOO'j  9034850  \S15Q3 


3.9082705 

3.9033241 

3.9083778 

9084314 


.9101440 ' 
.9101974; 
.9102508  | 
.91030421 
.9103576 
.9104109 
.9104648 
.9195177 
9105710 
.9106244 

.9106778 
.9107311 
.9107864 
.9108378 
9108911 


.9128064 
.9128595 

.9129126 
9129656' 
9150137! 

To 1307 17; 
.9131248 
.9131778 
.9132309 
9132839 


8261'o.yi70326 
8262J3.9170852 

82633.9171S78 
8264!3.9171903 

:8265  3.9172429 


S266  3.9172954 

.:  173479 
8268'3.9i  74005 

9174530 
82703  9175055 


82713.9175  80 
3272  3.9176105 

8273  3.9176630 

8274  3.9177155 

8275  3.9177680 

82763.917820 

8277  3.9178730 

8278  3.9179254 

8279  3.9179779 
82803.918030 


18233 
8234  j 
8235[3.yi3< 

82363.9157163 

|8237|3  9157691] 
j8238:3 
82393 
8240!3 


.915S218 
.9158745 
9159272 


91583691  82413 
1 8242 '3 
18243  3 


5899. 


.9134430 
9134960 
9155490 


9109444  J 
9109977  I 
9110510 ! 
9111043 
9111576 


.9136019 
.9136549 
.913707S 

.918760'-: 
.9138139 


9159790 
9160326 
9160858 
9161380 
8245  3.9161907 


8244, 


18246  3. 
|8247  3. 


8248 
8249 
8250 


S2818 
8282  3 
18283  3 
8284!3 

8235  3, 

8286  3 
8537  3 
8288  3 
,8289  3, 
8290  3. 

18291  3" 

18292  3. 
J8293  8 
18294  3 
82953 
|8296  3 
3297  5 
S298  3 

8299  3 

8300  3 


9180828 
9181352 
9131877 
9182401 
9182925 


9183449 

913397 
918449 
9185021 
9185545 


9186059 

9186595 

918711 

9187640 

9188:64 


9188687 
9189211 
9189734 
9190258 
9190781 


240 


LOGAMTIIMICK 


Lop.    [ftsio.i    1 


I       .     >3)L3 

I   I 

83033  9192350  8J5J3 
8304:3  91928  •  I  I 

83053    -1' 

830713  9194412^ 

83083  019*  65 

8309J3  91    54  3   1359  3 

831  >-3  91961  •■ 


9217385 
9217905 

921 8125 

. 


No. 


84^i  3  9-L-l  io lo  ■>  i  'i  3 
■3402  3  92438271  8452  3 


■ 


Log.    hNoi  _ 
9269081  85013* 


Lost. 


8403 


3  92443441  8453  3 

8454  3 


=*!8502|. 


!■  ■   ,  ,  Y 


9270622  850413 
9271U6  85053 


9294700 
9295211 
9295722 

9296233 
9296743 


I 

9221024' 

9221543! 


14  <■  3 

84093 
5410*3 


'2*58'.-4]ib456|B 
92*6410||8 
9246927  184583 
9247444|-84 

.-  50'! 


I  i n  8506  i 
9272163  85073 
92726/.'  850813 
9273190  8509-3 

1704  8510*3 


i,297254 
9297764 
9298275 
9298783 
9299296 


83513 
8362  3 


83113  \  i 
831213  91! 
8  513o  91975/  »  8  i  3 
4314-3  919810  I  .  .  ! 
8315  3  919J  '  >  8  1  ^  3 
8316i3  9199l45}j8*3o3f3 
8317'3  9199687  836713 
831S!3  9300189 H8J68J3 
8319  3  9200711  ;836#3 
43H0I3  9201233  8370  I 


9i225d2  84111  > 
9223102;  84'12;3 
92236*21j|8413'3 
92  ;4140i(84143 
9224659M841  '3 


I47<$  8461  o 
9248993;,I  : 
6249506,  8463  3 
9250025  84643 
9250541  84653 


9^74217  8511 3 
9274730  851^3 

0273343  8313  3 
9275757  8514'3 

92762"')  3  315  3 


9299806 

1.300316 
9300826 
9301336 
9301847 


92251/91 841o3 
9225698*j8417!3 

9236217  84183 
9226736  8419,3 
9227255"8420'3 


83213  9201750  J8371I3 


83223  9202277 

8323  3  9202799 

8324  3  9203321 

8325  3  9203842 


8372:3 

\3<5i  3o 

83743 
8375'-3 


8326  3  920*364 

8327  3  9204886 
83283  9205407 
8329|3  9205929 
832     i  9206450 


83313 

3>323  l 

83333  0208014 

8334  3  920853 

8335  3  9209056 


8336  3   ^20957" 

8337  3  9210098 

8338  3  9210619 
3339  3  9211140 
8310  3  9211661 

8341 3  9212181 
834213  9212702 
4340  3  921322 
8344 1 3  921374 
8345  3  9214263J 


k)z2.'(7S  842113 
9228292||8422  3 
922881  liJ8423,3 
9229850'  8424  3 
92298481  84253 


.2j105,  3  -66  8 
9252572  8467'3 
9252039'  84683 
9352605  •  8469;3 
••2531'"'i;8470/3 

9255657-8471  3 
92541 52,'8472;3 
9254668  8473  3 
9255184;[8474J3 

9255699''8475  3 


9276783J  85163 
9277296H85173 
9277808  85l8j3 
9278321  851913 
9278834|[8520|3 

927934711852 1|3 

9279859!:8522;3 
9280372.  853313 
9230835  8524;  3 
9231397!  852513 


'33:  6  3 
!8377|3 
8378-:3 
83*93 
8380,3 

8881,1 
338213 
3383  3 
8384  3 
838513 


9230367' 

7230885 
9231404 
9231922 
9232440 

9232958 
9233477' 
9238995 
9231513 
92^5031' 


8426  3 
8427:3 
8.28'3 
8429^3 
8430  3 
845  i  3 

8432  3 
8438  3 

8434  3 

8435  3 


9256215  847  6'8 

9256730^  8477j3 
9257245  8478  3 
9257761  84793 
9258276.;8480'.3 


925879J  84«13 
9259306*84823 
9259821' J8483  3 
9260336  j8484]3 

9260851  848513 


0^U235? 
9302866 
9303375 
9303886 
9304396 
9304906 
9305415 
9305925 
9306434 
9306944 

3  9307453 
3  9307963 
3  9308472 
3  9308981 
3  9309490 


9234472;  858113  9509999 
9284983  85323  9310508 
9285495!  8533,3  9311017 
9286007;!  8534  3  9311526 
9286518  85353  9312035 


9281909  8526 

9282422  8527 
9282934  8528 
9233446  8529 
9283959  8530 


8346  8  9214784 
3347  3  9215304 
83483  9215824 
3349  3  921634* 
8350  !  9216865 


8387,3 
8388  3 
83 39 1 3 
8390|$ 
8391 13 
8392]  3 
8393  3 
3394  8 
339. 
8396 
3397 
3398 
839! 
8400 


9235549 

9236086 

9236584 
9237102 
9237620 


9238137 

92386)55 
9239172 
9239630 
9240TQ7J 

9240724 
9211342 
9241759, 
9242276 
9242792 


84363 

8  V]7  3 
8458  8 
8439  3 
84403 

8441  " 

8442  3 

8443  3 

8444  3 
84453 

8446  3 

8447  3 

8448  3 

8449  3 

8450  3 


92613661  848613 
9261830  843713 
9262395' 848313 
9262910  8 139!3 
92634241  84  >ob 


9287030 

9237542'' 
9288054' 
9288565 
928907?! 


85363 

853.  5 
3588  8 


9263959 


9266511  84963 
9267025'  8497  3 
9267539  84983 
9268053  J84993 
9208567  8500'3 


9292145  8546 3 
9292656  8547  3 

9298167 ;!  3548 
92936781  ?54f 
£294189»l855C 


93176291 
9318187J 
93186451 
9319158 
93196611 


ARITHMETICS 


241 


No 

8551 

.8552 
8553 
8554 
,  855  5 


l.JK-     \\': 


L<  tv     ! 


9820109 
9320677] 
9321185] 
9321692; 
9322200| 


86013.934.5489 

8602  3.9345994! 
06033.9346499; 
86043.9347004 
860543-9347509 


J.9322708 

3.9323215 
3.9323733; 
3.9324230 

>  9524738 


&50113.SIJJ5245 

8S62JJ  9325752! 
8563;3.9326259 
8564|3. 9326767 
8565*3.9327274: 


8566I3.93277  811 

9328238 
9328795 
9329301 
9329808 


[856713 
H35683 
85693 
8^703 


8606J3.9348013 

8607!8.9348518 
8608  3.9349023 


8o il  5.98ou5oO 
86123.9351040 
8613  3  3351544 
86143.9352049 
S615|3.9352553 
8616|3.935305/ 
8617 3 9353561 
8618  3.9354065 
8619|3.9354569 


co5i  3.9370663 
86523.9371165 
865313.9371667 

8654  3.93r2169 
S6.^:>  3.9372671 


>.\  o  *| 


Lo 


Loy 


87013.9395692  8751  3.9420577 

8702  3.9396191  8752  3.9421073 
8708  3.9396690  18753  3.9427569 
8704 3-9397189  87,45.9422005 
8705  3  9397688]  87.^3  9422502 
8700. > 
8?07:3 

8703  8 


.9374677  187093 
9375179 18710 3 


9398187  8i  56J8 
9398685i  .v  57  3 
9399184!  8758  3 
9399683J;  375913 
94001b2!*8760j3 


85/113  5 
85733.1 


8580)3 

!8j81 

8582 

8583 

8584 

!  8  585 


9332648 

.9333354 
9333860 
9834367 
.93.34873 


'8586  3.9337909 
'8587  3  9338415 
,9338920 
9339426 
9339932 


85* 
[8589  3. 
1859013 


185913 
!8592!3 
18598  3. 
1 8594 3 
8595:3 


9340-j  ,, 
9340943 

0311448 
9341953 

9342!-  56 


8596;3 
8)9713 
8598J3: 
859913 
mOQ]3 


J621  J 
8622  3. 

623  >• 
8624  3. 
862.5  3 


8626  ^ 
86273. 

36283: 
86293. 
8630F 

808  1;3. 

363213. 
86333. 
8634J3- 
868  5!  3- 


8636  J- 
8637)3 

86383. 

86393. 
35403. 

8641137 
8542  3. 
8643)3. 
8644'3r 

3645|8 


Vo06o±0 
9366143 
9366645 
9367U8 

9867650 


3640I3. 
86473, 
8648'3. 
85 19:  l 
3650!3.! 


1.9375680187113, 

I  937618218712  3. 

.9377184!  8714!3, 

..9377686 '871 5  3 


940068018761 
9401179  j  876213, 

940 1677IJ87  63\'S. 
9402176;  8764J3 


8j663 

8667  3 

8668  3 
1669  3. 

8670  8 
86718 
8672  3 
8573  3 

8674  3 

8675  3 

8676  3 

8677  3 
3678  3 

8679  3 

8680  3 
80813 

8682  3, 

8683  3 

8684  3 

8685  3 

8686  3 

8687  3 
86883 
3689  3 

8690  3 

8691  3 
869 


9378187 

9378688 

9579189 

9379690 

9380191 

.9880092 

.9381193 

.9381693 

.9332194 

.9382695 

7j38:>l95 

.9385099 

9384196  ... 

9344697  8729!3 

938.5197  873013 

9885698 

.9386198 

.9386693 

.9387198 

.9387698 


1  423058 
9423553 
9424049 

9424545 
9425043 

y t25535 

9426032 
9426528 

9427024 
.9427519 

9403 172!j  87  66|39*280l  5 

9428510 
9429005 
9429501 
9429996 


8775(3 


8726  8 

8727:3 


8776 


9388798 
9388698 
9339198 
9389698 
9890198 
939.7697 


,9408152 

.9408650 

.9409147 

.9409645-|8779!3 

941014218780! 


8777J3 
87781 


1.939119613742:3 

8693  3.939169718743  3 
S694  3.9392196  8744  3 

8695  3.9392696  J8745  3 


.9432966 
9433461 
943395(3] 
9434450 
9434945 

.9410640.187813.9435440 

.9411137  8782  3.9435934' 

.9411635  !8783  3  9456129 
9412132} 8784  3.9436923 
9412629;l8785  3  9437418 

;.9413126|'~ 
9413623: 

.9414120J 

.9414617 

.941.51 14| 

:.9415611| 

9416108; 
,9416605; 
9417101 
,9417598 


S696 

8697 
8698 . 
86991; 
8700! 


1  9893195  J8746  3  9418095] 

1.9393695  874?  3.9418591!, 

.9894194  J8748  3.9419088 

.9394693  8749  3  9419584!  3799J3.9444333 

1.9395193  8750  3.9420081  j 880018.94 44827 


8796  8  9442852; 
8797:3.9443346 
879813.9443840 


tvl 


12 


LOGAKITHMICK 


No. 


L'J£.   No   Lot*    (So.,  i.Oj. 

3.V7445520.  !885Tp.--l-.M>yy^j!rfyUl  3.94 ','4388 
3.94458llH8852f3  9470414  89023.9494876' 
'  94  ^6307;  8853J3.9470905  89033.9495364 
i  >;  16800  8854J3.9471395  89043.9495852 
3.9  i  17294  885  i '  3.947 1  886'!S905  3.9496339 


88U1 
8802 
8803 
8804 
18805 

880t>|3.944<Y37j|88o6;3"  94723/6  J8906  3.9496827 
8807  3.9448280  188573  9472866,  8907  3.9497315 
18083  9448773  J8858|3 .9473357)  8908  3.9497802 
88093.9449266  88  59  3.9473847j  8909  3.9493290 
8  11013  9449759  |3860!3  9474337 '•  89 10  3  9498777 


8951:3.9518716 
8952J3.9519201 
8953o.9519686 


f881 1)3.9450^52  J8861 13:9473847!  [8911  3.9499264 
1881 :  3.9450745  8862  3.9475317  8912  3.9499752 
|8813  2-9451238  8863  3.9475807,  8913  3.950023GN 
881 4l3  9451730  (8864  3.9476297.  8914  3-9500726' 


8815  3.9452223  18865 


.3.9476787  189 


881bj3.945271q 
l3817|3.9453208 

18313  3.9453701 
I MS  19  3.9454193 
5.94.54686 


13329 
882113.9455178 

8822 3 5455671 
3823  3.9456163 
(88243  9456655 

8325  3.9457147 


885c, 
7867 

8368 
3869 
8870 
8871 
8872 
8873 
8874 
8875 


8826  3.9457659 

8827  3.9458131' 

8828  3.9458623 
8829,3.9459115 
8830  3.9459607 


8876 
8877 
887£ 
8879 
8880 


.950121; 


3.9477277' 

M77767 

.9478357 

.9478747; 

.9479236 

3.9479726 

.9480215 

3.9480705 

3.9481194 

3.9481684 


8916  3.9501701 

8917  3.9502188 

8918  3.9502675 

8919  3.9503162 
3920  3.9503649 


89213.9504135' 

8922  3.9504622; 

8923  3.9505109- 

8924  3.0505596 

8925  3.9506082! 


3.9482173 
3.9482662 
3.9483151 
3.9483641 
3.9484130 


88313  94v»'Joyy  !8881 
8832'3.9460591'l8882 
;8S33  3.9461086'l8883 
883  4!3.9461574!  8884 

J8835  3  9462066!!88S5 


i  3  9462557!  8886 

(883713.9463048  8887 

13838  3  9463540'l8888 

8839:3.94640311  8889 

8840,3.9464523 18890 


8841 '3.94650 14 

',342  3.9465505 
8843!3.9465996 
884  i  3.9466487 
8845  3  9463673 


884613.9* 


8891 

8392 


3.9484019 
3.9485103 
3.9485597 
3  9486085 
3.9485574 


3.9437053 
3.9487552 
3.9488040 
3.9488529 


No.  I     Loir. 


iNo.,     Los?. 


9001 .13. 9542908 
9002  3.9543390 
K9003'3.9543873 


8954'3.952017l|!9094!3  9544355 
395.53  9520656:  9005  3.9544337 


89563.9521141  9006.3.9544819 
89573.9521626  901 7  3  9545802 
8958l3.e52211i;j9008;3.9546234 
89593.9522595R9009'3.9546766 
8960J3.9523080'  901«0J3  954724E 


89613.95235651901113.9547730 
8962|3.9524049|  9012  3.9548212 
>13  3.954869^ 


9525018^90143.9549176 


896313.9524534 

8964|_ 

8965  3.9525503^9015  3  9549557! 

8966C9525987  yuTo  3.9550139J 
8967p  9526472  90173.9550621 
8968  39526956!  9018  3.9551102 
8969 3952744 0  901 9,3 9551585] 
4970  3  9527924|  .S'920J3.9552065 
8971 3.95284091 9021 3*9552547^ 


8926  3.9506569 

8927  3.9507055 

8928  3.9507542 

8929  3.9503028 

8930  3.9508515 
8951  3.9509001 
3932  3.9509487 
8933'3.9509973 
8934'3.9510459 
8935  3.9510946 


897213.9528893.  902213.9553028 
8973  3.9529377||9023!3.9553510| 

8974| 
8975 


8970 
8977 
8978 


5.9529861:19024  3.9553991 
5.9530345J  9025l3955447  : 


3.9530828  9026  3.9554953 
3.9531312i  902713.9555434 


393d  3.9511432 
8937!3-9511918 

8938  3.9512404 

8939  3  9512889 


3.9489018  89403.95 13375 


3893 
8894 
8895 

409 1  8890 


3-9489506  8941|39513861 

3.9489995  J3942:3.9514347  J8992  3  9538563 
3.9490483  8943^3.9514832  89933  9539046 


9531796J  902813.9555916 
897913.95322801 9029139556397 
8980J3  9532763  9030]3.9556878 

8981  !3  9533247  9031|3  9557^58 

8982  3.9533731  9032  3.9557839 

8983  3.9534214  9033  3.9558320 
89843.9534697  9034'3.9558801 
}89853.9535181|9035J3  9559232 
8986|3-9535664lf9036  3.9559762 

8987  3.9536147  9037|3.9560243 

8988  3.9536631[fe038  3  9560723 

8989  3.9537114!  903313-9561204 

8990  3.9537597|[9040|3  9561584 

8991  3-9538080 


18847  3  9467960 

,8348  3  9468451 

■••.'3.9468942 

168503.9469433 


S897 
8898 
8S99 
3900 


3.9490971  J  3944., 
3.9491460,  8945' 


9515318i!8994;3-9539529 


.951; 


803  8995! 


8947!3.9516774j|8997 


3.9491948'  89463.9516289' 8996! 
3.94924361 

3.9492924 
3.9493412 
5.9493900 


8948 
8949, 
18950 


.9517260;|8998 
951774518999 
..9518230M9000 


9540012 
39540494 

3  9540977 


9041.3.9562165 
90423.9562645 

9043  3  9563125 
90^4  3.9563606 
904513  9564086' 

9046J3.9564566J 
9047  395650461 


3-95414601  9048.3  95655^6 
3-9541943!  9049L3.9566006J 
3.9542425  ©0503.9566486 


ARITHMETIC!;. 


90613.9571761 
90623.9572241 

9063  3 9572720 
90643  9573199 
906513.9573678 


No.  Lo£.  )  No.,  Log: 


Lou-. 


Log. 


905113.9566966 
90523.9567445 

9053(3  9567925 
9054'3.9568405 

9U55i3.956S885 

90563.9569364 

90573.9569844 

90583.9570323 

0593.9570803 

0603.9571282 


90663.9574157. 

9067  3.957463( 

9068 

9069 

9070; 

907l|3.9576552 

Q072  3.9577030 

9073  3.9577509 

907413.9577983 

9075  3.9578466 


9076 
9077 
9078 
9079 
9080 


3.9578945 
3.9579423 
3.9579902 
3.9580380! 
3.9580858 


910139590891' 

102J3.9591368 

9103'3.9591845; 

9104'3.9592322' 
9105J39592800 

.9593276 
.9593753 
i.9594230 
.9594707) 
.9595184' 

'9595660 
.9596137; 
.9596514 
.9597090 
I 9597567 

9li6'3.9598043 

91173.9598520 
9118'3.9598996 
91193.9599472 
9120'3.9599948 

9"l2i;3T9600425 
91223.9600901 

9123  3.9601377 

9124  3.9601853 

9125  3-9602329 
9126|3.960280l 
9127,3-9603281 

9128  3.9603756 

9129  3.9604232 
91303.9604708 


1.9614686  92013 
1.9615160  9 
1.9615635:  9203  3. 
8.9616109  9204  3. 
{.9616583  9205  3. 


35l3.9661tf87 

9252l3.9662356. 
9253  3.9662826 
9254 8 9663295 
925513.9663764 


91563 
91573, 
91583. 

9159J3. 
9160'3 


9617058  920613 
9617532  9207  3. 

9618006  9208  3 


9618481 
9618955 


QCtfl'S  9581337 
908213.9581815] 
9083  3.9582293; 
90843.9582771 
90853.6583249 


9086  3.9583727 

9087  39584-205 
9038  3.9584683 
90SQ'3.9585161 
9090'3  9585639 


9091.3.9586116 
90923.9586594 
9093*3.9587072 
9094'3.9587549 
9095  3  9538027 


916. 


9166 
9167 
9168 
6169 
9170 

9171 

9172 

917 

9174 

9175 


90y6  3.958*505  9146 
9097'3.9588982,  9147 
9098  3  9589459:9148 
9099;3.95399S7J!9149 
9100:3959041419150 


9176  39626534 
9177|3.9G27007 
91783.9627481] 

9179  3.9627954 

9180  3.9628427! 


.9619429 
.9619903 
9620337 
.9620851 
.9621325 


.9621799 
.9622272: 
.9622746! 
.9623220 
:.9623993 


09  3 
Q91Q3. 


92218  9647780 
9222  3.9648251 
..,922313  964.8722 
3.9625587  9224  3.9649103 
3.9626061 1922513  9649664 


9181  [3  9628900 
9182:3.9629373 
9183'3.9629846 
9184|3.9630319 
918513.96307921 


9226 
9227 
9228 
9229 
9230 
92 


So.,     Log. 


9256  6  b  004> 233 
9257I3.9664708J 
92588.9665172 

9259  3.6665641 

9260  39666110 


261  3'96o65i  9 
92628-9567048 
9263,3.9667517) 
3264  3.9667985 
9265  3.9668454 
9266j£ 
9267|3 
9268;3 
926913, 
92703 


L>oooiy23 
9669392 
9669860 
9670329 
9670797 


9o71266 
9671734 
9672203 
9274I3-9672671 
9275  3.9673159 


9271|3 
9272!,3 
9273J3 


13. 

92323. 
92333. 
92343 
92353 


V650135 
9650605 
9651076 
9651547| 
9652017! 
9652488J 
9652958] 
9653428! 
9653899 
9654369 


927613.9073607 
9277  3.9674076 

9278;3.9674544 
927913.967501 
9280  3  9675480 


928113  9075948 
928213.96764161 
9283J3.9676884 
92843.9677351 
928513  9677819 


91863. 
9187j3. 
9188j3. 
9189i3 
9190;3 

9"l9l|| 

9192|3, 
9193!3, 
9194|3 
91953 


9631264! 
,9631737! 
9632210] 
.9632683 
9633155 


9236:3.9654839'; 
923713.9655309 

9238',3,9655780! 
19239|3.9656250, 
6240l3.9656720, 


9633528 
9634100 
9634573 
9635045 
9635517 


91963  9635990 
9197  3  9636462 
9198 3 9636934 
9199  39637406 
920013  9637878 


9241 
9242 
9243 


8.9O57190 
3  9657660 

3.9658130 
9244|3  9658599 
9245(89659069' 
9246 

9247 
924;-' 
9249 
9250 


6 0659539 
39660009 
8.9660478 
3.9660943 
3  9661417 


9286  3.9076287 
2873.9678754 
9288  3.9679222 
3289  3.9679699 
9290  3.9680157 
929118  9680625 

9292  3.96S108S 

9293  3  9681 551/ 

9294  3.9682027 

9295  3.9682494 


92963.^082962 

9297  3 968342* 

9298  3.9683895 

9299  3.96S456r 
930Cb.968482« 


44 


LOGARITHM1CK 


No. |  Lui>.  I 
,9685296 
96857631 
9686230 
,96866971 
9687164 


'.m>  l  3 
)302  3, 

93033 
)304  3, 

9305  3 


j98Ub  3 

:  i  1073, 
&308  3 
•9309  3 
19310  3 

98113 

9312  8 

9313  3 
93143 
9315  3 


968/  630 

,9688097: 
•9688564  j 
,968903(1 

,9689497' 
90899o5  98ol 3 
9690430  9382  8 
9690896  9-M'y\  8 
9691362  936 18 
9691829  9365  3. 


3.9/54778 
3.9755237 
3.9755697 
3.97561 St 
.5.9756615 


9718222,  941 1 
9713686[9412 

9714150  9413 
9714614,9414 
97150789415 


iNo.j 

9~50l 

9502 
9503 
9504 
9505 


Lor-. 


9316  3:9692295  [9366  8.9715542  9416 

9317  3.9692761  JQ367  3.9716005J  9417 

9318  3.9693227|  9368  3.9716469  9418 

9319  3.9693694 19369 3.971 6632  9419 

9320  3  9694159||9370  3.9717396  9420 

9321  3  96946J5:;9371  H9/17859J  942~I 

9322  3  9695091J  9372  3  9718323  9422 

9323  8.969555719373  3.971 8786 j  9423 

9324  3.9696023:  &374  3.9719249  9424 
9325'3  9696488!  9875  3  9719713'  9425 


932618  9696954 
9327  3.9697420 
932813.9697885 
9329J3.9698351 
9330J3.9698816 


933113.9699282 

9332  3.9699747 

9333  3.9700213 
9334J39700678 
933513.9701143 
|9_336  8.9701008 
5983713  9702074 

933813.9702539 
9339  3.9703004 


9876  3.9720176;, 9426 

9377  3.9720639!  9427 

9378  3.9721102i  9428 
93793.9721565]  9429 
9380  3.9722028,  9430 
9381:3.9722491  9431 
9382  3.9722954;  9432 


9383 
9384 
9385 


9341  3.9<US33' 


9342 
<)34S 
19344 


39704399 
3.9704863 
3  9705828, 


9345  3.9705793 


93463.970625$ 

9347  3.9706722 
934313.9707187 
9349  3 9707652 
035CI  3.9708116 


3.9723417  9433 
3.9723880!  9434 
3  9724343' 9435 

9386 

9387  3.9725268i|9437 
9383 3 97257311  9433 
9389  3  9726193!  9439 
9390 3 07266561 9440 

9394  ^97271 18 
9392  3.9727581 


9  Co  <•>.:.  5  8 

9736819 

9737281 

9737742 

9788203 

8.9788664 

,19739126 

3  9739587 

3.9740048 

3.9740509 


9757075 
9757534 

9757998 
9758452 


.97593701 
.9759829! 
.97602881 
.9760747; 
97612061 


9506 
J9507 

9508 
9509 
9510 


5.9740970 
3.9741431 
3.9741892 
3  9742353 
8.9742814 


94713 
9472k 

9478-8, 
94743 
9475  3 

9476a 
94773 
94783, 
9479  3, 
94803. 


.9761665 
.9762124 
.9762582' 
,.9763041 
;.9763500 
"9768958] 
97644171, 
9764875J 
97653341 
9765792: 
9766251: 
97667091 
9767167 
9767625 
9768083 


9481 
9482 


3.9745577 
3.9746038 
3.9746498  J9483 
3.9746959,9484 


9768541 
9769000 
9769458 
9769915 


3.9747419; : 94-85  3.9770877 


3.9724805  9436  3  97478/9,,9486|3 
3  9748340' 19487  3 
3  9748800 1|9488  3 


.9770831 
.9771289 
.9771747 
3.9749260!  948913.9772204 
9772662 


_  3.9749720: 
944113.9750130] 


9442  3.9750610 

9393  3.9728043  9443  3.9751100 

9394  3.9728506  9444;3  97515601 


9395  39728968 

98yo  3.9729459 

9397  3.9729892 

9398  3.9730354'  944SI3.97 

I 


9445;8.9752020 

v446  3/J75U479, 

9447|3.97529^39 

3399, 


9399  3.9730816  94493  9753858' 

9400  3.9781279::9450  3  9754818 


9490 18, 

9491 J3\ 

9492  3, 

9493  3 
94943 

949513 


3977; 
3.9778150 
3.97786074 
3,'9779064j 

3.0779521: 
3.977  9^/Tv 
3.97801  , 
3.97808923 
3.9781348! 
3.97818051 

95ll  13.9782263 

951213.9782718 

9513  3.97831 71 

9514  3.9783631 

951513.978408;-"; 

9516  13.9784  54';: 

9517  3.9785001 

9518  13.9785457 
951913.9785918 
9520  [3.9786369 

3.9786826 
3  9787282 
3.9787738 
3.9788194 
3.9788650! 


9521 
9522 
9523 
9524 
525 


•4% 
9497 
2498 

94 99  j  3 
9500'3 


3.9789106 
3.9789562 
3.9790017 
3.9790478 
3.9790929 
3.9791585! 
3.9791840 
3.9792296 
3.9792751 
1.9793207 
953613.9793662 
9537J  3.979411S 
9538  3.9794 
9539J  3.9795028] 
95401(3.979. 
1954113.979. 
9542'  3.9796394 
19543*  8.9796849 
r9544n3  9797304^ 
i9545j!3.9797739 
|9546('a97ya214J 
|9547j!3.9798S69 
9548|i3.9699l24H 


9778120 
9773577 
9774035 

9774492 
9774950 

9775407 
977586/1 

9776322..- 

.9776779  !9549|:3  97995/ 9 

9777286 ' 


136  i95.50,l3.r>8000841 


Arithmetic;*::. 


45 


9551 

9552 
9553 
9554 
9555 

!9556J3. 9802701 


3.9800*68 
3.980094.5 
3.9801398 


I /to. 


9001  3.98231U 

9602  3.9823617 

9603  '3.9824069 


-^K-,    ^<>*j     Lou, 


;\o.i 


Log 


9557 
9558 


-.wu    :;wo  o.yO/WOL,1 

3.9801852  9604&9fi24522 


S.98023O7 


3.9W3216 

—<-•  3.9803670 
,9559  3.9804125! 
1 9560)3  9804579' 


9605J3.9824974 
96U0J3.982542O 
96073.9825878 

9608)3.98263  80 


96103  9897234  9660  3  ^STTflq^S  3®rf9M89««3 

3  9829945 


2:1 


92?|JaS0S6M|96ly3.98312Wiy6  9ti9H5    ' 


9571)3. 980lJ573 
9572|3.9810027 
9573'3.9810481 


9575?3.9811388 
9576,3  98ii«4i 
9577\3  9812295 
9578^9812748 


9>26  3  9834j45y 

9627  3.9834910 

^•3j  9628  3.9835361 

9o79;3  981320^1  9629|3.9835812 


Kfe™s»  *??««• 


9bli22c»2ikyo^j,;3.9S54?l4 
a.9832654,  9672*3  985516°, 


J?9833105 


96253.9834007 


9673|3.9855612 
96743-9856061 
9675/3  9856510 


^6/o-3.9856959 
9677,3.9857407 
9678/3  9858560  -,, 
9679^3  9858351  ]9729 


J,  1  ljo.v87.^o4UJ^?6li^98y494j 

9712  3  9878087  9762'3.9895388 

9713  3.9873534,9763  3.9895833 

9^jo9V4428;.976^39895r22 
y?loj3.y8M.875iJ9^6!3lw7^ 
971713  9875322;9767|3.98Q7612 

9718;3.9875769|976si3.9898057' 
^19  3.9K?62i6b769:3.98o8J0] 

ll^1if£2^3j:9770i3.9898946 
97211 


987  7 


95813  98l4108'kn,i  3Q*WiS   -7777  T-7^— — J~L^1 


S72J3.98/80O3  9773  3.990027 
9/24^3.98784o0  9774'3.99007^ 
?S|MSt!^5  97T43.9901168 
9?26'j3.98(-  yj4j  9/rol JwwTTfi?S 
9727b.9879?89  977T3  990^ 
9728  3.9880236  ;9778;3.99oi500 


19581)3  9«14lU8'J9oJi 
9582'3  98U^Bte632 
I9583J3.9815015H9633 
9584.3.9815468||9634 


9^!3^8J£9^1  j!9635j3  9 
9586j3.981o8'/*{j9iM3l/ 


3~9836/i. 

3.9837165 
3.9837616, 

~  9838066 
9838517 


9^87!3.981632709637  3  983941 9 
9^88  3.981 73800963«3.9839869' 

9590j3,98^l86;'964oi3,984077(, 

9591,3.981^)63^119641  3.9841  >21 
9593,3  9819092  96423  9S41671 
9593!3.9819544l|96433.98421?2 
9594S.9819997(9644JS.9842572 
9£^!3.98204^M964.5|3  9843022 


ml  3"9859202]97Si 

968213.985965119730 

9683  3M60099'\9733 

9684  3.9860548:19734 

9685  ""  ' 

-086 
9687 

^688 
96*9 
9690 

909lJ3.93630bT)' 


3.9880682 
3.9881128. 


3.9881575 
3.9882023 

3.9882467 

I  9«ti  i  j.^_  ilii.-r<><.-!7'.\.": — : *  j _7 


'9779!3.9902Q44 
197Sj2i3:9903389 
y^i:59903833 
:9782?3.9904277 

;9783'3.9904721 
.'9784  3.99051 64 


9^t43-98209i?2J(9oii3l 
9597(3.9821355  iWK 


9598,8.982180; 
9599)3.9822260 
9600'3.982  27 1^ 


W43a./J 
981S923 
96483.98443731 
96493.9844  123 


9692 
969 
9694 
9695 

9696 
969 


3.9864134 
3  9864582 
3.9865330 
3.9865478: 
3.9865926 
-.  3  9366374 
9698  3.98668221 


I96SX)}3.984 


"  4lj!3,ydbQu35Jiyj  yi  *  uu^^y-i 

97423  988648 1 19792 SCni 
9743  3.9886927^793  3.990925^ 

£745. 3.98878 1 8Jp95  3  9-1 1 0044< 

^6'3.Pbli8264|;wty6  51^iI35t 
^3.9888710  979713  991493] 
!748  3.988915^  97983.99lll74 


46 


LOGARITHM  ICK 


J980  2 

mos 

9804 
9805 

|<  Soli 

9807 
1980S 
9309 

9811 

19812  3 
981 


|N. 


!      L2704  Shol  J 

.9913147  9852  3 


i±>L_l 

9934803 
9935344 


.9914038 


9916690 


9853  3.9935685  9908  3.9957608 

9854  8 


.9986125: 
.9986506 


Log. 
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9952402' 
9952841 
9953380 

9953799^ 
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99813  9991740 
998213.9992176 
99883.9992611 
9984'3.9993046 
9985'39993481 


9986  5.9993916 
9987,5.9994350 
9988'3.9994785 
9989  3.9995220 
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9992-3  9996524 
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9999 
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3-9999131 
3-9999566 
4.0000000' 


APPENDIX. 

THE  h'j/ierbjlick  curve  was  found  also,  by  Lord  Napier,  the 
tfolebrated  inventor  of  Logarithms^  to  aflbrd  anothcr^source  for 
developing  and  illustrating  the  properties  and  construction  of 
logarithms.  For  the  hyperb»dck  areas  lying  between  the  curve 
undone  asynrtote,  when  they  arc  bounded  by  ordinates  parallel 
to  tne  other  asymtote,  are  analagous  to. the  logarithms  of  their 
abscissas  or  parts  ot  the  asymtote.  And.altnough  Napier's 
logarithms  are  commonly  said  to  be  the  same  as  hyperbolick 
logarithms,  it  is  not  to  be  understood  that  hyperbolas  exhibit 
Napier's  logarithms  on/y,  but  indeed  all  oilier  possible  systems 
of  logarithms  whatever.  For  it  has  been  found  that  the  loga- 
rithms of  the  same  number  in  two  different  systems  are  to  one 
another  as  the  reciprocals  of  the  logarithms  of  the  radical  num- 
bers of  those  systems,  these  latter  logarithm^  being  taken  ac- 
cording to  any  system  whatever  : 
Thus, 

Brigg's  logarithm  of  any  number  : 

is  to  A'a/iicr'x-  logarithm  of  the  same  number  :  : 

as  Brigg's  logarithm  of  10  : 

is  to  JVafiier*s  logarithm  of  10  : 
But  Brigg's  logarithm,  or  the  common  logarithm  of  10  is  1, 
and  Napier's  logarithm  of  10  is  2.502585093  ;  whence  if  Brigg's, 
or  the  common  logarithm  of  any  number,  be  denoted   by  c.   l. 


Note.  This  curve  greatly  facilitates  the  conception  of  loga- 
rithms to  the  imagination,  and  affords  almost  an  intuitive  proof 
of  the  very  important  property  of  their  Auctions,  or  .very  small 
increments,  viz.  that  the  Auction  of  the  number  is  to  the  Auction 
of  the  logarithm,  as  the  number  is  to  the  subtangent.  And  it  hi 
evident,  tnat  in  the  beginning  of  the  generation  of  these  areas 
from  the  vertex  of  the  hyperbola,  the  rascent  increment  of  the 
tibseisse  drawn  into  the  altitude  I,  is  to  the  increment  of  the 
area,  as  radius  is  to  the  angle  of  the  ordinate  and  abscisse,  or  of 
the  asymtotes  :  and  at  the  beginning  of  the  logarithms,  the  ra- 
scent increment  of  the  natural  numbers  is  to  the  increment  of 
tne  logarithms  as  1  is  to  the  modulus  of  the  system. 

Hence,  we  easily  discover,  that  the  angle  formed  by  the  asym- 
totes of  the    hyperbola,    exhibiting   Brigg's   System  of  Loga- 
rithms, will  be  25°  -*4'  25"  ;  this  being  the  angle  whose  si] 
0.4342944819,  Sec.  the  modulus  of  the  common  system. 


$ 
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and  Napier's  or  the  hyperbolick  logarithm  of  the  same  number, 
by  ii.  l.  we  shall  have  2.302583095  :  i  .  :  n.  l.  :  c.  L.  ;  or 

1 


h.  i.-  X  'J.ou^jbjoJJ  h.  l.  X  .4342944819  — •  c  l.  as  was  re- 
quired. 

In  comparing  the  different  systems  of  logarithms,  Lord  Xa-t 
pier's  is  evidently  the  most  simple  in  Aspect  of  facility  of  con- 
struction, because  its  modulus  is  unity.*  Thus,  suppose  it 
v*  ere  required  to  find  the  Napierc_n  logarithm  of  the  number  2. 

Here  employing  the  formula, 

Co  a.  o  *     '    5  •  o  /.o  y .  o  *  3 

-  A  ■)•  T  B  -;-  I  C  -f-  4  D  -}-  £  E  -I-  fee,  where  A  is  put  for 
.},  B  for  J  A,  C  for  ^B,  D  for  J  C,  Sec. 

The  calculation  will  be  as  follows ;— * 

A  —  y  —  .666666666  A  ==  .666566666 
B  =  £  A  =  .074074074  1  B  ==  .02469135  8 
C  =  ~  B  =  .008230453  |C  =  ,001  64609  li 
D  =^  £  C  =  .000914495  4  D  =  .00*130642 
E  =  |  D  =  .000101611  JE  =  .00001  I29q 
F  =  J  E  =  .00001  1290  iF  ==  .000001026 
G  =  £  F  =  .000001 254  TyG  =^  .000000096 
H  =  £G  =  .000000139  ,VH  =.000000009 
I  =  ^H  =  .000000015  ,'T  I  =  .000000001 

Nap.  log.  2    =    .693144179 
Or,  retaining  only  eic;ht  figures,  Nap.  log.  2  =  .693  i  47  IS 
Having    obtained    the    log.  of  2,  we  can  easily  find  the  loga^ 

rithm  of  4,  8,  and  in  general  of  any  power  of  2. 

Ex.  2.  Required  the  Napierean  logarithm  of  5.  * 

By   employing   the  same  formula  as  before,  and  proceeding 

exactly  as  in  tlie  last  example,  by  taking  the  sum  of  u  sufficient 

*  Note.  Mr.  Baron  Maseres  gives  the  following  definition  o£ 
the  Modulus^  namely,  "that  it  is  the  limit  of  the  magnitude  of  a 
fourth  proportional  to  these  three  quantities  viz.  the  difference 
of  any  two  natural  numbers  that  are  very  nearly  equal  to  each 
other,  cither  oi  the  said  numbers  and  the  logarithm  or  measure 
of  the  ratio  they  have  to  each  other."  Or  we  may  define  the 
modulus  to  be  the  natural  number  at  that  part  of  the  system  of 
logarithms,  where  the  Auction  of  the  number  is  equal  to  the 
Auction  of  the  logarithm,  or  where  the  numbers  and  logarithms 
are  have  equal  differences.  And  hence  it  follows,  that  the  log- 
arithms of  equal  numbers,  or  of  equal  ratios,  in  different  s,ys-» 
*exns,  are  to  one  snpihcr,  as  the  moduli  of  those  systems. 
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number  of  the  ternis  of  the  scries,  we  shall  find  the  Napierean 
log.  of  5  =  1.  609437912. 

The  Napierean  logarithms  of  2  and  5  being  found,  the  Naa» 
log.  of  10  =  2X5  becomes  known.  ,  \ 

Thus,  to  log.  2  *      693 1 47 1 79 
Add  log.  5  =  1.609437912 
The  sum  is  log.  10  =  2.302585091 

Or,  retaining  eight  figures,  log.  10  m  2.30258509. 
Whence  also  the   modulus  of  the  common    system   of  loga- 
rithms is  known,  for  it  is  the  reciprocal  of  the  Napierean  loga- 
rithm of  10,  or  — sss  .434294482 

2  30258509 

We  can  now  easily  find  the  qommon  logarithms  of  the  num- 
bers 2  and  5  ;  for  we  have  only  to  multiply  the  Napierean  log- 
already  found  by  the  modulus  .434294482,  or  divide  them  by 
its  reciprocal  2.30258509,  and  the  products,  or  quotients,  are 
the  logarithms  sought. 

Thus  retaining  only  seven  decimal  places  of  the  products,  wo 
have 

Com.  Log.    2—      .69314718  X  .4342944  =;       .3010300 
Com.  Log.     5=    1.60943791  X  .4842944  =       .6989700 
Com.  Log.  10  =  2.30258509  X  .4342944  =     1.0000000 
Or,  the  Common  Logarithm  may  be  found  by  putting  M  far 
.4342944,  as  in  the  following  expression. 

Log.  3  «a  log.  2  +  2  M  $-1  *  — L  +  _L  +  JL   ,*  &C.  ? 
C5      3.5J      5.5s       7.5?  > 

And  the  calculation  will  stand  thus  : 
Log.  2  =    30103000 


2M_ 

5 

2M 

XI3 

2M 


.17371779 

,00231624 

,00000559 


5.5* 
2M 

YT^      *00000159 

^J»  =      .00000005 


^om.Log.  3=      .47712126 
,jbn<i  A77n\H  *  .43429448  =  Ns$.  log.  o~  }.0J)63C&49. 
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Another  Method,  to  find  the  Logarithm  of  any  of  the  natur* 
al  number 8)  1,  2,  3,  4,  Sec. 

RULE.* 

1.  Take  the  geometrical  series,  I,  10,  100,  1000,  10000,  Sec. 
and  apply  to  it  the  corresponding  arithmetical  series  1,2,  3,4, 
&c.  as  logarithms. 

2.  Find  a  geometrick  mean  between  1  and  10,  10  and  100, 
«rany  other  two  adjacent  terms  of  the  series  betwixt  which  the- 
proposed  number  lies. 

3.  Between  the  mean,  thus  found,  and  the  nearest  extreme,  • 
find  another  geometrical  mean,  in  the  same  manner  ;  and  so  on, 
till  you  are  arrived  within    the  proposed  limit  of  the    number 
whose  logarithm  is  sought. 

4.  Find  as  many  arithmetical  means,  in  the  same  order  as  you 
found  the  geometrical  ones,  and  the  last  of  these  will  be  the 
logarithm  answering  to  the  number  requered. 

FXAMPLES. 

Let  it  be  required  to  find  the  logarithm  of  the  number  9. 
Here  the  numbers  between  which  9  lies  are  1  and  10. 
First,  then,  the  logarithm  of  10  is   1,  and  the  log.  of  1  is  0  p 

therefore  __X_  =  .5  is    the   arithmetical  mean,  and  yy/(lX10) 

=  */\0  =  3.1622777=  geometrick  mean:    whence  the  loga- 
rithm of  3. 1622777  is  .5 

Secondly,  the  log.  of  10  is  1,  and  the  log.  of  3.1622777  is  5  r 

therefore      "*"  -  =  .75  =  arithmetical  mean,  and  a/  (10  x 

5.1622777)=  5.6234132  =  geometrick  mean  :  whence  the  log, 

of  5.6234132  is  .75. 

Thirdly,  the  log.  of  10  is  1,  and  the  log.  of  5.6234132  is  .75  ;. 

1  -4-    75  *""~ 

therefore "*".' —  =.875  =  arithmetical  mean  ;  and  a/  (10  X 

£ 

5.6234132)  =  7.4989421  =  geometrick  mean  :  whence  the  log. 
of  7.  4989421  is  .875. 

Fourthly,  the  log  of  10  is  1,  and  the  log.  of  7.4989421  is  .875  ; 

therefore ill t  =  .9375  =  arithmetical  mean,  and  \/f\0  v 

2 

7.4989421)  =*  8.6596431  =  geometrick  mean  :  whence  the  log. 
of  8.659&431  is  .9375. 


*  Nete.  The  reader  who  wishes  to  infoi^n  himself  more  par- 
ticularly concerning  the  history,  nature,  and  construction  o£ 
logarithms,  may  consult  Hutton's  Mathematical  Tables,  pub- 
lished a  few  years  since,  where  he  will  find  his  curiosity  am/- 
$>!y  gratified. 
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fifthly,  the  log.  of  10  is  1,  and  the  log.  of  8.6596431  is  .9375  ; 

therefore  T. .' .. 'L^l  =  96875  =  arithmetical  mean,  and  v'OOX 

o 

8.6596431)  =  9-3057204  =■  gcomctrick  mean  :  whence  the  log. 
of  9.3057204  is  .96875. 

Sixthly,  the  log.  of  8.6596431   is  .9375,  and   the  logarithm  of 

9.3057204  is  .96875;  therefore  •9575.+   .'.?iifl5    ==.953125    =* 

2 

arithmetical  mean,  and  ^(8.6596431  x  9.3057204)  =  8.9768713 
=  geometriek  mean  :  whence  the  log.  of  8  9768713  is  .953125 

And,  proceeding  in  this  manner,  after  25  extractions  the  log- 
arithm of  8.9999998  will  be  found  to  be  .9542425  ;  which  may 
be  taken  for  the  logarithm  of  9,  because  it  differs  from  it  onlv 
hy  yuoh-uoo)  anc*  is  therefore  sufficiently  exact  for  all  practical 
purposes. 

And  in  the  same  manner  were  the  logarithms  of  almost  all 
the  prime  numbers  found  by  Lord  Napier  ;  a  woik  so  incredibly 
laborious,  that  the  unremitted  industry  of  several  years  was 
Scarcely  sufficient  for  ^achievement. 


The  reader  is  requested  to  cot&cct  the  following  which  a1'& 
the  /irincifial 

ERRATA. 

Fage     15,  26th  Une  from  the  top,  for  126  pals,  read  128. 

16,     9  for  g  136,58  read  £163,07 

26,. 27  for  g  428,50  read  g  429.50 

27,  28  for  182  yds.  read   132  yds. 

32,26  for  12 1 14/VV  read  1270f<4 

33,     8  for  £481          read  £431 

40,  33  for  15*             read     3' 

41,  3         for     12  h.  2  m.  read  1 1  h.  58m. 

ibid.    7  for  5  o'clock  19m.  37sec.  read  6  o'clock 

40m.  23.  sec. 

ibid:  14  for     g  1940     read  S  1946 

ibid.  34  for     g  50         read  g  51. 

67,  26  for     g  975,99cts.  read  g  1042,86  cts, 

73,  26  for     73}  gal.   read  7  A  gal. 
ibid.  32  for     22  ib.  read  2  lb. 

74,  26  erase  -         2d. 

ibid.  42         for  ad  in  fine  turn  read  ad  infinitum, 
77,  15         for  Duble  read  Dolble. 
79,  24         for  fully  read  briefly. 
84,   II  for  3,  the  root  read  3758,  the  root. 

87,  18         for  square  read  cube. 

95,  7  for  *From  the  square  of  the  height,  subtract 
the  height,  read  *  From  the  square  of  the  distance  divided  by 
the  height,  subtract  the  height. 

110,  19         for  £  \  read£  7 
134,     9         for  64  read  40 
143— 147/z.  for  minuets  read  minutes. 

168   11  for  South-Descending  read  6  S'gns    South- 

(Descending.; 
191,  26         for  North  Ascending  read  North  Descend- 

201,  16         for  right  read  left.  (ing, 

202,  13         erase  totallv. 
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